Western Michigan University

ScholarWorks at WMU
Dissertations

Graduate College

8-1978

The Causal Relationship between Mathematics Achievement and
Attitude in Grades 3 to 6: A Cross-Lagged Panel Analysis
D. William Quinn
Western Michigan University

Follow this and additional works at: https://scholarworks.wmich.edu/dissertations
Part of the Science and Mathematics Education Commons

Recommended Citation
Quinn, D. William, "The Causal Relationship between Mathematics Achievement and Attitude in Grades 3
to 6: A Cross-Lagged Panel Analysis" (1978). Dissertations. 2740.
https://scholarworks.wmich.edu/dissertations/2740

This Dissertation-Open Access is brought to you for free
and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Dissertations by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

T H E CA U S A L RELATIONSHIP BETWEEN MATHEMATICS
A C H IEVEMENT AND ATTITUDE IN GRADES 3 TO 6:
A CROSS-LAGGED PANEL ANALYSIS

by
D. W i lliam Quinn

A Dissertation
Submitted to the
Faculty of The Graduate College
in partial fulfillment
of the
D egree of Doctor of Education

W e s t e rn Michigan University
K a l a m a z o o , Michigan
August 1978

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ACKNOWLEDGEMENTS

In w r iting this dissertation,

I have greatly benefited from

the encouragement and support of Professors Mary Anne Bunda,
James Sanders,

and Peter Kobrak.

I express my thanks to them,

as well as the fac u l t y and students of the Educational Leadership
Program.

Of par t i c u l a r note is the advice and assistance I

received from P r ofessor Daniel Stufflebeam during my first year
in the doctoral program.
time in my studies.

His efforts in my behalf came at a key

I was fortunate in receiving a Research

Associateship f r o m the University which both provided financial
support and a re w a r d i n g opportunity to serve in a professional
role.

My parents have provided me both emotional and financial

support during m y several years of college; without this support
I would not have a t tempted a doctoral program of study.
course, my deep e s t gratitude is due my wife, Nancy.
frequently happens,
away my energies,

Of

When,

as it

the challenges of a demanding program wore

her unwavering, cheerful support buoyed me up.

D. W i lliam Quinn

ii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

INFO RMATIO N TO USERS

This material was produced from a microfilm copy of the original document. While
the most advanced technological means to photograph and reproduce this document
have been used, the quality is heavily dependent upon the quality of the original
submitted.
The following explanation of techniques is provided to help you understand
markings or patterns which may appear on this reproduction.
1. The sign or "target" for pages apparently lacking from the document
photographed is "Missing Page(s)". If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages.
This may have necessitated cutting thru an image and duplicating adjacent
pages to insure you complete continuity.
2. When an image on the film is obliterated with a large round black mark, it
is an indication that the photographer suspected that the copy may have
moved during exposure and thus cause a blurred image. You will find a
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being
photographed the photographer followed a definite method in
"sectioning" the material. It is customary to begin photoing at the upper
left hand corner of a large sheet and to continue photoing from left to
right in equal sections with a small overlap. If necessary, sectioning is
continued again - beginning below the first row and continuing on until
complete.
4. The majority of users indicate that the textual content is of greatest value,
however, a somewhat higher quality reproduction could be made from
"photographs" if essential to the understanding of the dissertation. Silver
prints of "photographs" may be ordered at additional charge by writing
the Order Department, giving the catalog number, title, author and
specific pages you wish reproduced.
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as
received.

University Microfilms International
300 North Zeeb Road
Ann Arbor, Michigan 48106 USA
St. John's Road, Tyler's Green
High Wycombe, Bucks, England HP10 0HR

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

7823371
Q UI NN , D. WILLIA M
THE CAUSAL RE LATIONSHIP BETWEEN MATHEMATICS
ACHIEVEMENT AND ATTITUDE I N GRADES 3 TO 6 |
CROSS-LAGGED PANEL AN AL YSIS ,
WESTERN MICHIGAN U N I V E R S IT Y ,

University,
Micidnlms
International

E D .D ,,

A

1 978

300 n.zeeb road,ann arbor.musio6

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE OF CONTENTS

CHAPTER
I

PAGE
STATEMENT OF THE PROBLEM ..............................
Importance of the P r o b l e m ..................

1

Conceptual Framework ................................
R esearch Overview
II

...................................

S E TTING OF THE P R O B L E M ................................
M athematics Achievement

1

............................

2
4
6
6

General vs. specific mathematical achievement
f a c t o r s ...........................

7

Age differences in achievement

..................

9

................................

10

M a t hematics Attitude

D e f i n i t i o n ...............

10

Attitude toward mathematics

.....................

Sex Differences in A chievement and Attitude

13

. ..

16

..................

18

E a rly r e s e a r c h .............

17

D e v elopment of sex differences

O ther Variables to C o n s i d e r .......................... 19
Intellective variables

............................

Non-intellective variables

.......................

Aptitude-treatment interaction

..................

Relationship of Achievement and Attitude
Grade level and sex differences
Nonlinearity of relationship

.........

20
22
24
26

.................28

.....................

28

iii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER

PAGE
Possible Causal Relationships Between
A chievement and Attitude .........................

32

S u m m a r y .................................................36
III

R E SEARCH DESIGNS FOR EXAMINING CAUSATION

...........

40

Logic of M a k ing Causal I n f e r e n c e s ...................40
Experimental D e s i g n s ................
Correlation and Regression Analysis

41
..............

43

Cross-lagged Panel Correlation .....................

44

A s s u m p t i o n s ....................

46

Limitations

48

. . . . .

............................

S u m m a r y ....................
IV

ST U D Y PROCEDURES

52

.......................................

Source of D a t a ....................................

53
.

53

The SEED p r o g r a m ..................................... 53
The SEED e v a l u a t i o n .................

54

Secondary analysis of SEED d a t a ................... 55
Experimental Hypotheses

............................

R eplication Across Grades
Research Procedures

59

................................

60

S u b j e c t s ................
Instruments

56

.........................

. . . . .

60
............................

Data collection procedures and schedule

62

. . . .

68

.........................

71

Limitations of Study ................................

76

Data analysis procedures

S u m m a r y .................................................78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER

PAGE

V

R E S U L T S .......................................... 80
A t t r i t i o n .................. ......................... 81
De s criptive Statistics.................................

83

C T B S ................................................... 83
S S A ..................................................
Analy s i s of the Cross-lagged Panel Correlations

.

L i n e a r i t y ...........................................

88
90
90

Station a r i ty .........................................

92

Causal predominance..................................

94

S u m m a r y ................................................. 95
VI

C O N C L U S I O N S .......................................

97

Summ a r y of S t u d y ......................................

97

M ethodol o g i c al Issues

. . . . . .

. . 100

I n s t r u m e n t a t i o n ................................
C ross-lagged technique . . . .

100

.....................

Secon d a r y analysis .................................
R ese a r c h Hypotheses

.......................

. . . .

Correlations between achievement and attitude

101
102
103

. 103

Causal relationship between achievement and
a t t i t u d e ........................................
Policy Considerations.. ..............................
BIB L I O G R A P H Y

106
108

..................................................... H O

APPENDIX
1De s c r i p t i o n of Districts and Schools in Study
2A N O V A Tables for Linearity Test

. . . .

123

...........................125

v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

LIST OF TABLES
TABLE

PAGE

1

Distribution of Classes and Students Across Grades

. . .

2

Num b e r of Items, Time Limits and KR#20s for Levels 1
and 2 of the CTBS Arithmetic T e s t ..........................64

61

3

Classification of Math SSA Items by Curricular Emphasis .

67

4

Internal Consistency of Math SSA S c o r e s .............

67

5

Test-retest on CTBS and SSA in this S t u d y .................. 68

6

.

Attri t i o n of S t u d e n t s ................................... ' . .

81

7

CTBS Arithmetic Computation Data for A ll Students Tested
and for Students with Complete Data S e t s ................ 84

8

CTBS A rithmetic Concepts Data for All Students Tested
and for Students with Complete Data S e t s ................ 85

9

CTBS Arithmetic A pplication Data for A ll Students Tested
and for Students with Complete Data S e t s .................86

10

CTBS A rithmetic Total Data for All Students Tested
and for Students with Complete Dat a S e t s ................ 87

11

SSA M ath Attitude Data for All Students Tested
and for Students with Complete Data S e t s ................ 89

12

Synchronous and Cross-lagged Correlations with Attitude
and Test of Stationarity and C a u s a l i t y ................... 93

13

Description of Districts and Schools in Study

14

A N O V A Test for Linearity of Achievement Regressed on
Attitude for 3rd G r a d e .................................... 126

15

ANO V A Test for Linearity of Achievement Regressed on
Attitude for 4th G r a d e .................................... 127

16

ANO V A Test for Linearity of Achievement Regressed on
Attitude for 5th Grade
....................... . . . . .

128

A N O V A Test for Linearity of Achievement Regressed on
Attitude for 6th G r a d e ..................................

129

17

...........

124

vi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

LIST OF FIGURES
FIGURE

PAGE

1

Hypothetical No n l i n ear Decreasing Relationship between
Achievement and A ttitude ....................................

2

Hypothetical Nonli n ear Relationship between Achievement
and Attitude w ith Decreased Correlations in the
M i d - r a n g e s ..................................................... 31

3

Three Models of the Hypothesized Causal Predominance
between A chievement and Attitude ...........................

36

4

The Observations and Correlations in a Cross-lagged
Panel C o r relation Study
....................................

45

5

A r r a y of Cross-lagged Correlations for AchievementAttitude C a u sation Analysis . . .
.........................

56

30

vii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER I
S TATEMENT OF THE PROBLEM

W h e n e v e r teachers approach the selection of mathematics
programs,

or when authors write such programs,

they do so in part

on the basis of certain assumptions about the causal relationship
b e t ween student achievement and student attitude.

These assu m p 

tions can and do d ramatically affect the types of programs which
are selected or written.

If one assumes that high or low

achievement in mathematics causes positive or negative attitude
toward mathematics,

then one will focus on promoting student

achievement w ith only a secondary regard for improving attitude.
Conversely,

if a positive or negative attitude toward mathematics

is assumed to be a powerful cause of high or low achievement,
then the emphasis will be on improving student attitude, and
skills or knowledge acquisition will receive lighter attention.
The correct choice between these assumptions is not clearly
indicated by research.

Most studies report simple correlations

between achievement and attitude and are ambiguous as to the
direc t i o n of causation between these two traits.

The purpose of

this study is to investigate the causal relationship between these
two traits.

Importance of the Problem

T he benefits f rom investigating the causal relationship
betw e e n m a t h ematics achievement and attitude are several.

1
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Investigating this qu e s t ion will help reduce the present conflict
b etween different theories of their causal relationship.

Some

researchers and educators have hypothesized that student achieve
ment in mathematics is an important cause of attitude toward
mathematics.

Others have hypothesized that student attitude

toward mathematics is a significant determinant of achievement.
Still others have proposed that achievement and attitude are not
causally related but that third factors are the causes of both
traits.

Each of these positions implies substantially different

directions in the i n v e s t igation of these traits.

Clarifying the

relationship between these traits would suggest which of several
lines of research might more profitably be pursued.
In addition to the theoretical benefits from clarifying the
achievement-attitude relationship,

there are important implications

for educational practice in such findings.

In the course of

creating and implementing mathematics instruction for elementary
students m any decisions are made that could have both achievement
and attitude outcomes.

The balance between activities that

primarily promote a chievement or attitude outcomes, and the
relationship between these activities,

could be better determined

by understanding the causal relationship between these traits.

Conceptual Framework

The conflict of theories and the ambiguity of curriculum
choices may be reduced by using research strategies to test for
possible causal relationships between the traits of mathematics

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

3

achievement and attitude.

The trait of mathematics achievement is

defined as actual student performance on tasks requiring m a t hemati
cal computation,

understanding of mathematics concepts, and

application of m a t h ematical knowledge to problems.

The trait of

mathematics attitude is defined as positive or negative student
affect toward specific activities or instructional content involved
in mathematics.
Since a central concern of this study was testing for a
causal relationship, it is important to discuss some issues involved
in the concept of causation.

A condition w idely assumed necessary

for a causal relationship is the temporal precedence of one event
over another.

Temporal precedence exists whe n the occurrence of

one event c onsistently precedes in time a second event, but a
reverse ordering does not exist.

If other events that may directly

cause both of the first two events can be ruled out on empirical
or theoretical grounds,
cause

then the first event is said to be a

(possible one of many)

of the second event.

The causal

relationship between mathematics achievement and attitude was
tested in this study by examining for temporal relationships
b e tween these traits.
Before describing how the question of causation was examined
in this study it is appropriate to make two observations.

First,

onl y the causal relationship between achievement and attitude was
examined in this study.

Other factors that may also causally

influence one or both of these traits were not examined.

The

issue in this study was the causal relationship between mathematics
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achievement and attitude,
other causal factors.

and not the construction of a list of

Second, only the relative strength of causa

tion between achievement and attitude was tested.

Many investiga

tors in this field believe that there is at least a limited
reciprocal causal relationship between achievement and attitude.
So, ths; issue to be tested in this study was one of predominance
of causation.

In other words,

which is the stronger cause of the

other?

Research Overview

In the study the following three hypotheses were placed in
competition with each other:
Mathematics achievement is the predominant cause of attitude.
Mathematics attitude is the predominant cause of achievement.
M athematics achievement and attitude are not causally related.
T o test these hypotheses elementary grade students in the
third,

fourth,

fifth, and sixth grades were tested on mathematics

achievement and mathematics attitude.

The students were tested

and then retested after a five month lag during the same school
year.
The resulting data were analyzed using the cross-lagged panel
correlation technique
Pelz & Andrews,

1964).

(Campbell,

1963; Campbell & Stanley,

1963;

The cross-lagged technique uses the

correlations between two traits measured at two points in time to
test for temporal precedence between these traits.

A n indication

of temporal precedence can then be used as evidence for a causal
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r e l ationship betw e e n the traits.

This technique indicates which

trait is c a u sally predominant over the other.
The data for the four grade levels tested were analyzed as
separate panels for each grade.
separately,

By analyzing each grade level

four replications of the study were produced.

These

replications provided a stronger basis for generalizability of a
causal r e l a tionship than would a single panel.
In summary then,

there are three alternative theories of the

causal r e l a tionship between mathematics achievement and attitude.
P resently it is not clear whether achievement causes attitude,
attitude causes achievement,
other factors.

or both are completely caused by

B o t h theoretical and practical benefits would

result from clarifying this relationship.

By testing elementary

grade students on the traits of mathematics achievement and attitude
and through the use of the cross-lagged panel correlation technique
it was possible to examine this causal relationship.

This ex a m i n a 

tion was strengthened through replication of the analysis at the
third,

fourth,

fifth, and sixth grade levels.
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CHAPTER II
SETTING OF THE PROBLEM

In this chapter the research context is explored for the problem
of determining the causal relationship between mathematics attitude
and achievement.

First the trait of mathematics achievement is

discussed.

the literature related to mathematics attitude is

Next,

reviewed and sex differences that have been observed in attitude
and achievement are summarized.

Studies where mathematics achievement

and attitude are both related to other variables are presented.
T h e n the relationship between mathematics achievement and attitude
is presented.

And finally,

the hypothesized causal relationships

that have been presented for explaining the correlation between
a chievement and attitude are discussed.

M athematics Achievement

G i ven the close association often made between the concepts of
e ducation and academic achievement,

it is not surprising that a

large number of research studies have been conducted concerning the
academic achievement of students.

Much of this research has been

concerned with d e f ining and describing those abilities that underlie
achievement and with identifying those factors which cause or
contribute to academic achievement.

Mathematics achievement has

been the topic of much research partially because it involves skills
that are basic to student achievement in many other areas of study.

6
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Following is a summary of the research findings in mathematics
a chievement regarding
achievement, and

(1) factors which underly mathematics

(2) student characteristics which are related to

mathematics achievement.

General vs. specific m athematical achievement factors

The factor structure of mathematics achievement can influence
how the causal relationship with attitude is studied.

If achievement

is singly factored then a single measure of achievement can be used.
If achievement is multi-factored then a measure for each sub-factor
should be used.

For a m ulti-factored trait only a sub-factor m ay

be causally related to attitude.

Or,

the relationship may be

complex with some sub-factors being causes and others effects of
attitude.
There has been some controversy as to whether one general
factor or several specific factors constitute the ability to
achieve in mathematics.
mo d erately large,

Man y investigators have reported a

positive correlation between general intelligence

and mathematical achievement
1958).

Flack

(1926)

(Dirr,

1967; Shine,

1961; Wrigley,

is one of the earlier researchers who supported

the view that there is some broad group factor of mathematical
ability.

The writings of several British factor analysts have

supported this view of one general ability underlying mathematical
achievement
Wrigley,

(Blackwell,

1958).

1940; Hamya,

1952; McAllister,

1951;

This group factor has been labelled as a quantitative
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p roblem-solving ability and has been described as an important
c omponent of general intelligence

(Barakat,

1951; McAllister,

1951).

Contrasting with the British view, American researchers have
conceptualized intelligence as being an aggregate of man y specific
abilities

(Aiken,

1971a)

This difference between British and

Am e r i c a n factor analysts has been reflected in this study of m a t h e 
matical abilities.
Kim,

Amer ican psychologists

(Hills, 1957; Leton and

1966) have supported with their research the position that

m athematical ability is really a composite of several specific
abilities.

Several studies concerned with identifying factors for

predicting mathematical achievement have lent credence to the
proposition that several specific factors are involved in m a t h e 
matical achievement
1957; Wampler,

(Guilford, Hoepfner, and Petersen,

1966).

1965; Hills,

These studies demonstrate the composites of

" factor pure" aptitude measures can improve the prediction of
mathematical achievement over any single aptitude measure.

Other

researchers have also identified several factors within mathematics
achievement.

Both Coleman (1956) and Skemp

(1961) identified two

different factors in mathematical achievement which may be labelled
as a computational factor and as a deductive reasoning factor.
Rusch

(1957) identified three factors in the performance of fourth,

sixth, and eighth grade students on the California Arithmetic Test.
T hese factors were labelled abstraction,

analysis, and application

abilities.
In reviewing the literature on a general versus several
specific abilities in mathematical achievement Kose

(1967) has

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

9

concluded that factor analysis has not really answered the question
of whether one or several abilities are involved.

Aik e n

(1971a) has

argued that this dicho t o my is actually misleading inasmuch as other
factors,

such as environmental and personal variables,

powerful in i n f luencing mathematical achievement.

are also

Those involved

in the general versus specific factor controversy have not adequately
incorporated these other variables into their discussions.
The r e s earch on the factor structure of mathematics achievement
does not provide definitive guidance.

Therefore, both subfactors

of mathematics achievement and a composite achievement score were in
this study.

A ge differences in achievement

In several reviews of the research on mathematics achievement
it has been noted that inter-individual differences in mathematics
ability increases at successive age or grade levels
1971a,

1976; Feierabend,

1960).

(Aiken 1970a,

This fan spread phenomenon of

increasing d ifferences as students progress through the school
system is a frequently observed phenomenon in most areas of
academic achievement and is not limited to mathematics.

Such a

spread in a b ility c a n be a significant phenomenon to deal with in
the classroom.

Jarvis

(1964a)

reported that this spread in

mathematics a b ility by the sixth grade can be as great as seven
years difference in grade level.
Inter-individual differences in mathematics ability have been
observed as e a rly as kindergarten (Heimgartner,

1969; Madden,

1966)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

10
but were relatively small in magnitude.

As students progress

through school to the high school and college levels these diff e r 
ences increase to become quite large.

This "age differentation" in

mathematics ability is consistent with reports by Very

(1967)

and

Dye and Very (1968) w h o indicated that the factor structure of
m athematics ability becomes more differentiated with age.

M athematics Attitude

Definition

A large number of student traits has been investigated under
the broad umbrella of attitude

(Kahn and Weiss,

1973).

These

studies have examined such student attitudes as interest,

preference,

liking, valuing, and perceived difficulty regarding various school
related objects.

The objects under examination in these studies

have included such things as academic subjects, general school
activities,

particular school activities

in the school
students

(e.g.,

teachers,

(e.g., homework),

persons

other students) and themselves as

(e.g., academic self-concept).

Although researchers have

differed in their particular definitions of attitudes,

they g ener

a lly agree that attitudes are a learned predisposition to respond
to social objects.

Also,

they agree that attitudes,

with situational and other personal variables

in combination

(e.g., ability),

guide and direct the overt behavior of the individual

(Cardno,

1955).

As a result of the extensive research on the subject, a number
of definitions of attitudes have been formulated.

Some of these are

listed here:
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An enduring learned predisposition to behave in a consistent
way toward a g iven class of objects.
(English and English,
1958, p. 50)
An e n d uring s y stem of positive or negative evaluations,
e motional feelings, and pro or con action tendencies with
respect to a social object.
(Krech, Crutchfield, and Ballachey,
1962, p. 177)
A mental and neutral state of readiness, organized through
experience, exerting a directive or dynamic influence upon the
individual's response to all objects and situations with which
it is related.
(Allport, 1954, p. 45)
A r e l atively enduring system of evaluative, affective reactions
based upon and reflecting the evaluative concepts or beliefs
w hich have been learned about the characteristics of a social
object or class of social objects.
(Shaw and Wright, 1967,
p. 3)
F r o m these definitions a number of dimensions of attitude may
be identified

(Shaw and Wright,

1967).

First, attitudes involve an

affective e v a luation of the characteristics of an object.

This

evaluation m a y have a logical aspect in terms of the relevance of an
object in promoting or inhibiting goal achievement.

But,

it is the

affective aspect of attitudes which give rise to motivated behavior.
Second, attitudes may vary in quality and strength along a
single dimen s i o n from positive to neutral to negative.

Thus, an

attitude about an object involves how "good" or "bad" an object is
perceived to be.

Ot h e r characteristics of an object may be

perceived i n dependently of the attitude a person has about the
object.

Osgood, Suci, and Tannenbauin (1957) demonstrated that

three relatively independent factors, evaluation,

potency, and

activity, are involved in the meanings of a large number of objects
and concepts.

The evaluative factor is not commonly associated
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with attitude, and the other factors are something additional to the
concept of attitude.
Third, attitudes are learned.
object in a social setting,
attitudes are developed.

Through interactions with the

or through social events or activities,

As learned responses,

subject to the same principles of extinction,

attitudes are

reward,

transfer, etc.

as are other learned responses.
Fourth, attitudes are held with reference to specific social
objects or classes of social objects.

People do not have attitudes

in general; attitudes are always referenced to particular objects
or classes of objects.

Also,

concrete

thing) or abstract

And,

(e.g., person,

the object of an attitude may be
(e.g.,

politics, religion).

social objects are the referent of attitudes.

A social object

is generally considered to include interactions with people and
objects, events, and situations produced by people.

These inter

actions generally include such perceived characteristics as intent,
purpose, desire, or wish.
Fifth, attitudes m ay by more or less related to each other.
Attitudes m a y be interrelated because of the similarity of the
referent objects

(e.g., attitude toward addition is highly related

to attitudes toward subtraction, multiplication,

and division), or

because of the similarity of the evaluative value assigned objects
(all things that are liked or d i s l i k e d ) .
Sixth, attitudes are relatively stable and enduring.

Since

attitudes are formed through a history of reinforcing experiences,
before these attitudes can be changed,

the system of rewards
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associated w ith them must be changed.

However,

individuals and

groups often have vested interests in the status quo and it is
difficult to adjust the reward system to allow for the development
of different attitudes.

One particular instance of this is

illustrated w hen the interrelationship between attitudes is
considered.

A change in one attitude may reasonably imply changes

in other interrelated attitudes and behaviors.

However,

the more

attitudes and behaviors that need to be changed the greater is the
cost to the person in effort and discomfort for making the change.
Therefore,

people resist changing those attitudes that are in t e r 

related because of this cost.

Attitude toward mathematics

A ttitude toward mathematics has been measured mostly by student
self-report techniques.

A n early study of student attitude toward

school subjects was conducted by Chase

(1949).

In this study

13,483 fifth graders ranked school subjects to show their first
three preferences.

M o sher

(1952) had over 2,000 fourth through

twelfth grade students rank school subjects and rate them on a
scale.

Herman

(1963) had 214 elementary school children list which

of several activities in different subject areas they would and
would not like to do.

In addition to these ranking techniques,

several attitude scales have been used for measuring mathematics
attitude
& Blum,

(Aiken 1970a,
1968; Evans,

S ha w and Wright,

1976; Callahan,

1972; Fedon,

1967).

1971; Dutton,

1958; Hogan,

Of these scales,

1968; Dutton

1975; Roberts,

1970;

the Likert-type scale of
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summed responses

(Aiken and Dreger,

of equal appearing intervals

1961) and the Thurstone scale

(Dutton,

1951) have been the most

frequently used scales.
Survey reports of student attitudes toward m athematics-w h ether gathered by ranking or attitude scales--have generally shown
that mathematics is liked as well as, or somewhat better than, most
school subjects.

In the Chase

(1949) survey of the three most

liked school subjects by fifth graders,
number two,

just behind reading.

Herman

arithmetic was rated as
(1963) also reported that

m athematics attitudes in the elementary grades tend to be more
positive than negative.

Dutton and B l u m (1968)

found a generally

p ositive or neutral attitude toward arithmetic by sixth,
and eighth graders.

seventh,

Callahan (1971) reported somewhat more

positive though comparable results as did Dutton by reporting that
62% of the eighth graders surveyed
neutral,

liked mathematics,

and 20% disliked mathematics.

eleme n t a r y grade students both Fedon

(1958)

and Stright

have found that third graders have developed definite,
a ttitudes toward mathematics.

18% were

In surveys of early

Hogan (1975)

(1960)
positive

in a survey of the

first through fourth grades concluded that generally favorable
attitudes are formed toward school subjects,
as e a rly as the first grade.

including arithmetic,

Somewhat at variance with the other

studies reported, H ogan found that mathematics,

though generally

liked, was the least liked subject when students rated it along
w i t h science, English, and social studies.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

15

A ge d ifferences In a t t i t u d e .

The generally positive attitude

students report for arithmetic in elementary grades does no t last
into the junior high and high school levels.

As students progress

through the grades their attitudes toward all school
including mathematics,

dramatically declines.

subjects,

Mosher (1952)

found

that arithmetic changed from a liked subject in grades 4 and 5 to
the most disliked subject in grades 8 and beyond.

Many other

researchers have reported this general drop in attitude toward
arithmetic o c c urring in the -junior high grades and beyond
1970a,

1976; D u tton & Blum,

and Burns,

1968; Evans,

(Aiken,

1972; Hogan, 1975;

Ridesel

1973).

Forming m a t hematics a t t i t u d e s .

A question of some importance

is w hen are attitudes toward mathematics formed?

If one is to

mod i f y and improve attitudes then it is important to know at what
grade level these efforts should be focused.

Dutton (1968)

in a

survey of junior h igh school students concluded that the fourth
through seventh grades were most important in the formation of
attitudes.

Thi s finding generally agreed with his earlier study of

college students

(Dutton,

1962)

in which these students reported

grades four through eight were the most important in forming
attitudes toward mathematics.

(See also Smith, 1964, for a

confirmation of these college student findings.)
The potential effects of attitude on academic behavior is one
reason why there is such a strong concern about researching
mathematics attitudes.

Kempler

(1962) demonstrated that self

confidence in mathema t i c al ability is inversely associated with
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r igidity in solving mathematical problems.

Students who were less

confident in their ability tended to be more rigid in the types of
solutions they attempted.

This relationship between self confidence

and rigidity in solving problems takes on added meaning when the
relationship between rigidity in solving problems and other m a t h e 
matics related behaviors are considered.

McDermott

(1956)

found

that students behave rigidly when faced with frustrating mathematical
tasks;

they become hostile and anxious about the subject.

These

students also tended to rely on inefficient or inappropriate study
methods such as rote memory, help from others, or cheating in order
to pass in mathematics.
In contrast to this rigidity and giving up of students who do
not like mathematics is the constructive perseverence of those who
do like mathematics.

Shapiro

(1962)

found that perseverence in

solving difficult mathematical problems was higher in elementary
students who did like math than for those who did not.

Of course,

in these three studies it is not clear that attitude was the cause
of other behaviors, but the possibility of this being the case is
sufficiently high to make additional research on mathematics attitude
important.

Sex Differences in Achievement and Attitude

For more than twenty years the differences between m en and
w omen in performing m a t h ematically related tasks and in the attitudes
toward these tasks has been the subject of research.

The general

finding of this research has been that, to a moderate degree, men
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are more able, achieve higher,

and have a more positive attitude

toward mathematical tasks than do women

(Aiken,

1970a,

1976; Feierabend,

1960).

There are some exceptions to this and they will be noted

later.

Most generally this difference is attributed to differing

s ociocultural expectations,

differing reinforcement schedules, and

the influence of same-sex modeling on boys and girls as they grow
up

(Aiken,

Keeves,

1970a,

1974,

1976; Alpert, Steelwagon, and Becker,

1963;

1973).

Early research

Sweeney (1953) d emonstrated that there are sex related
differences in solving problems requiring a general reasoning factor
and restructuring of the material presented.

The moderately higher

scores of m e n over wo m e n in performing these tasks could not be
accounted for by d i f ferences in general mental ability, specific
mental abilities, or specific knowledge.

This type of problem

solving ability is related to mathematical achievement
1962; Lindgren,

Sitra, Faraco, & DaRocha,

(Kempler,

1964; Shapiro,

1962).

In

an extension of this study of sex differences in problem solving,
Carey (1958) replicated Sweeney's finding and further concluded
that this difference was caused by women having a more negative
attitude toward problem-solving tasks than men.
Milton

(1957) hypothesized that this sex difference was a

result of sex-role identification.

For a group of m en and women

college students he d emonstrated that there was a significant
positive correlation bet ween problem solving ability and measures of
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masculine-feminine personality traits.

Although a study by Berry

(1958) did not completely confirm this finding,

the differences in

sex-roles is still a prevalent explanation for differences in
m athematics achievement and attitude

(Nevin,

1973).

These sex differences are found consistently at the junior high
level and beyond.

The findings of Very (1967)

and Dye and Very (1968)

indicate that high school and college men show a greater number and
more sharply differentiated factors in mathematical ability than do
women.

Very

(1967) attributed this to men being exposed to more

m athematics courses in high school and college than women.

This

difference in taking math courses was thought to reflect the
cultural stereotypes and pressures which tend to keep women from
selecting these courses.

Development of sex differences

M an y studies have investigated the development of sex
differences in mathematics across the grade levels.

These studies

tend to demonstrate that by the junior high or high school grades
boys outperform girls on measures of mathematical achievement and
attitude

(Aiken,

1974; Dutton,

1968; Hilton and Berglund,

1973; Maccoby,

1974).

In contrast to these studies it is interesting to note that

M eyer and Bendig

1966; Mosher,

1952; Nevin,

1974;

Keeves,

1973; Simpson,

(1961) reported that eleventh grade girls o utper

formed their male classmates on the number and reasoning factors of
the Primary Mental A b i l i ty Test.

This finding is contrary to the
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majority of studies on math sex differences using high school
students for subjects.
Those studies d e aling with sex differences in the elementary
grades present a different set of findings.

In the elementary

grades differences b e tween the sexes are either non-existent or
small and c o n t r a dictory (Chase,
Jacklin,

1972; Kaminski,

1960; Wozencraft,

1963).

1949; Fennema,

1974; Lewis,

1973; Hogan,

1968; McClure,

In a survey of fifth graders, Chase

reported that girls disliked math more than boys.
later survey, Stright

However,

(1949)

in a

(1960) reported just the opposite--that girls

in elementary grades like math more than boys.
(1975)

1975;

1971; Stright,

More recently Hogan

surveyed a national sample of over 13,500 elementary school

children in grades one through eight and reported only non-signifi
cant differences b e t ween girls and boys in either average scores or
variability of scores on a mathematics attitude measure.

In two

studies of sex d ifferences in arithmetic achievement in the e l e m e n 
tary grades, either there was no difference between boys and girls
or girls slightly outperformed boys, depending on the grade level
and the test used
(1963)

(Shapiro,

1962; Wozencraft,

1963).

Wozencraft

found that girls outperform boys in the third and sixth

grade on a test of arithmetic reasoning.

O t her Variables to Consider

There are ma n y variables in addition to the traits of mathematics
achievement and attitude that have been researched

for mathematics
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education.

These variables are important to review for this study

for several reasons.

T hey help delineate what variables are and are

not included in the present study.

They help form the base out of

w hich research in this area is generated.
context for this study.

And,

They provide part of the

they help reinforce the appreciation

that a single study can at best help illuminate only a small fraction
of the complex reality involved in mathematics education.

The

classes of variables reviewed here include intellective variables,
non-intellective variables,

and those factors involved in aptitude

treatment interaction studies.

Intellective variables

Intellective variables include general ability or "intelligence
quotient",

specific abilities such as spatial ability and verbal

ability, and previous experience with mathematics.

General ability

has been frequently studied as a contributing factor in mathematics
achievement.

Feierabend's

(1960) review of mathematics research

literature to 1959 concluded that a significant relationship exists
b e tween general a b ility and mathematics performance.

A sampling of

studies since then has replicated this finding; correlations
between achievement and general ability typically range from .5 to
.7 (Aiken,

1970c; Cottrell,

1968; Muscio,

1962; Neal,

1969; Shapiro,

1961).

At least one e xception to this has been found, however.

Palzera

(1968) reported a non-significant correlation between

student achievement on math problem solving tasks and whether they
had IQ's over 115 or under it.

This contrary finding m a y be

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

21
accounted for by the gross categorization of students on IQ rather
than the lack of a relationship with achievement.
General ability correlates positively with mathematics attitude,
but this correlation is usually weaker than are the correlations
with achievement.

Shapiro

(1961)

found in a study of fourth,

fifth,

and sixth graders that performance on a measure of general ability
was positively correlated with an interview obtained measure of
attitude toward mathematics.
Specific abilities have also been related to mathematics
outcomes.

Several studies using multiple measures of specific

abilities have found that spatial ability and reasoning ability are
related to mathematics achievement
1949; Murray,

1949; Muscio,

1962)

(e.g., Chase,

1960; Johnson,

but a common theme found across

most of them is the importance of verbal ability in mathematics
achievement

(Aiken, 1970a).

M urray (1949) noted that geometry

problems, which would seem to require spatial reasoning abilities,
are frequently solved verbally.

Johnson (1949) noted that v o cabu

lary and reading ability were important in solving arithmetic
problems.

A i ken (1971b)

in a review of literature reported moderately

large correlations between verbal ability and mathematics performance.
These correlations typically ranged from .45 to

.55.

Verbal ability appears to be so important in explaining
differences in mathematics achievement that Muscio
Cottrell

(1962) and

(1968) have proposed that verbal ability along with general

ability can explain variations in mathematics achievement without
needing to poatulate a separate special mathematical ability.
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Muscio

(1962) asserted that high achievement could be better

explained by both high verbal and general abilities than by a
separate mathematical ability.

Cottrell

high relationship among the reading,

(1968) interpreted the

psycholinguistic, mental, and

related arithmetic factors emerging in his study is evidence of a
general language a b i l i t y rather than a distinct factor for arithmetic
reasoning.
In addition to general and specific abilities, experience with
mathematics is a powerful influence on future mathematical achieve
ment.

Barnes and A s h e r

(1962)

found that for 9th graders the mark

for algebra was best predicted by eighth grade algebra marks.

In

this study achievement on an arithmetic test was the only other
factor that contributed significantly to predicting ninth grade
algebra marks«

A study by Wic k

(1965)

findings for high school students.

has replicated these

Neal

(1969)

found that the

correlation between prior and present achievement in mathematics
was

.51 on parallel forms of an achievement test.

Whe n a measure

of general ability was included with the earlier achievement test
the correlation rose to only .62.
In summarizing research on intellective variables and achieve
ment, A i ken (1971b)

stated that about half of the variance in

achievement could be accounted for by differences in ability, as
m easured by general and special ability tests and prior performance.

Non-intellective variables

Non-intellective variables,

such as personality traits, c l a s s 

r oom environment, and home environment have been studied to determine
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their effects on mathematical achievement.

In fact attitude toward

mathematics is an important non-intellective variable.

Other

personality characteristics besides attitudes have been studied.
Cattell and Butcher in The Prediction of Achievement and Creativity
(1968) concluded that about one-quarter of the variance in m a t h e 
matics achievement could be accounted for by motivational factors
not necessarily described as attitude toward mathematics.
to adults

(e.g.,

achievement

.50.

Submission

I want to be polite to adults.) correlated with
A factor they labelled super ego

always to show self control.)

correlated

(e.g., I want

.44 with achievement.

Other

motivational factors, including attitude toward mathematics,
correlated less well with achievement.
Karas

(1964)

found that self-control and will power

on the IPAT High school Personality Questionnaire),

(Q^ factor

study habits,

and attitude toward school in general correlated with math ach i e v e 
ment better than the students'
Cleveland

(1962)

specific attitude toward mathematics.

found that only in the middle IQ ranges the

C alifornia Test of P ersonality scales of sense of personal worth,
sense of personal freedom, and community relations correlated
positively with mathematics achievement.

This study indicates how

intellective and non-intellective variables may interact in i n fluenc
ing achievement.
The findings that personality and social traits such as selfcontrol,

submission to adults, and community relations are related

to mathematics achievement is more understandable when considered
with an analysis of the classroom environment.

Jackson (1968)
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spent two years in elementary school classrooms observing studentt eacher interactions.

As a result of this study, he concluded that

the "hidden curriculum" of the classroom was an important determinant
of school success.

This hidden curriculum emphasized student

patience, compliance to teachers' expectation, and obedience under
the threat of sanctions from the teacher and school system.

It

should be noted that these observed correlations between achievement
and personality characteristics may be dramatically modified if the
sys t e m of educating youth were changed.

These studies indicate

what presently is in some classrooms not what can be.
M any studies,

of course,

relate social and economic

families with student achievement
(1962)

(e.g., Coleman,

1966).

factors of
Cleveland

found a positive correlation between socio-economic status

(SES) of students and mathematics achievement and attitude.
ever, Karas

(1964)

How

found somewhat different results when studying

SES and achievement.

In this study lower correlations were found

bet w e e n SES and mathematics achievement than between SES and history.
Karas concluded that home environment would differ more on verbal
experiences for students, but would be equally lacking in m a t h e 
matical experiences.

Therefore students from different e d u cation

ally supportive home environments

(SES being correlated with

educational supportiveness) would differ more in verbal than
non-verbal curricular areas.

Aptitude- t r e a t m e n t interaction

The concept of aptitude-treatment interaction (ATI) assumes
that certain techniques of instruction are more effective with
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students with certain aptitudes than other students not having
these aptitudes.

It is in understanding how different patterns of

treatments and aptitude conditions interact that ATI research seeks
to guide instructional practice

(Chronbach,

1967).

interest in ATI studies are disordinal interactions.

Of particular
In these

interactions one of two treatments is more effective for one s ub
group of students

(say high scoring students on an aptitude measure)

and the other method is more effective for a second sub-group of
students.

However, r e l atively few clear-cut instances of

d isordinate interactions have been reported

(Aiken,

1971a).

One study demonstrating a disordinate interaction was
reported by King, Roberts,

and Kropp

(1969).

They administered a

b a ttery of aptitude tests to 426 fifth graders and presented them
with one of four kinds of instructional materials on elementary
set concepts.

The instruction emphasized either verbal-deductive,

verbal-inductive,
tional strategies.

figural-deductive,

or figural-inductive instruc

T wo significant ATIs were noted.

Those

students who scored h igh on a measure of deductive reasoning
outperformed students who scored low on deductive reasoning when
they both were instructed with deductive reason emphasizing materials.
No differences were noted between these groups when they were
instructed with the high inductive reasoning materials.

A similar

pattern of differences and no differences was noted when high and
low inductive reasoning students were compared.
Becker

(1967) was less fortunate in obtaining an A TI when

teaching high school algebra students to sum number series using
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two different instructional strategies.

The object of the study

was to find interactions between verbal and numerical aptitudes with
strategies emphasizing these different approaches.

Likewise Carry

(1968) was also unsuccessful in demonstrating an ATI effect.

Carry

was looking for interactions of general reasoning and visualization
abilities with methods that emphasize these techniques.

No reliable

d ifferences were found between different aptitude groups.
B e h r ’s (1967)

study of ATI was somewhat more successful.

He

hypothesized that figural traits would be related to performance on
a figural instructional treatment but not a comparable verbal
instructional treatment.

In his study the scores of 228 college

students on 11 Structure-of-Intellect tests
semantic)

(six figural and five

plus three other aptitude measures were initially

determined.

Students were then randomly assigned to either a figural

model and d i a g r a m i nstruction group or a verbal mode of instruction
group.

The criterion variables were time used in studying the

materials,
test.

score on an achievement test, and scores on a retention

Interactions between instruction and one figural and four

v erbal measures were as hypothesized.

However interaction of two

verbal measures were contrary to expectations.

Relationship of Achievement and Attitude

M u c h of the study given mathematics attitude concerns its
relationship with a number of other math related variables, chief
of which is m a t h achievement
Initially,

(Aiken,

1970a,

1974; Feierabend,

1960).

studies focused on mathematics attitude as a predictor
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of achievement
Eldridge,

1964; Moore,
1966),

(Brown,

1956; Kurtz,
1972;

1965; Cleveland,

1962; Denegan,

1957; Lindgren, Silva,

Shapiro,

1967;

Faraco, and DaRocha,

1961; Shepps & Shepps,

1971; Werdelin,

or as a means of differentiating between high and low

achievers in math
More recently,

(Armstrong,

1955; Jackson,

1974; Stephens,

1960).

investigators have examined the interaction over

time of achievement and attitude as a mutually reinforcing set of
traits

(Aiken,

1976).

1970a; Alpert, Steelwagon, and Becker,

1963; Bloom,

The most consistent finding of these studies is that ma t h e 

matics achievement and attitude are positively correlated,

but only

to a low or moderate degree with correlations typically ranging from
.2 to

.4 and only infrequently exceeding

.5.

Seldom,

if ever, do

m a t h achievement and attitude covary as closely as do achievement
and past achievements or achievement and aptitude where correlations
typically occur in the

.4 to .7 range

(Aiken,

1970a,

1971, 1976).

This finding of a w e a k correlation is

generally consistent across 12

different countries

(i.e., Australia,

Israel,

Eu r o p e a n countries)

(Husen,

for m inority students in

A me r i c a

(Jackson,

1967) and

Japan,

the U.S., and 8

1974), as well as majority students.

N e ither is this finding of a weak correlation between achieve
ment and attitude just limited to math c u r riculum research.
in other c u r riculum areas such as English,

literature,

Research

social studies,

and physical science have produced similar, often even weaker,
correlations between achievement and attitude
1965, Hogan,

1975; Neale, Gill, & Tismer,

(Bloom,

1970).

1976; Brown,

This disappointing

finding has been alternately attributed to poor instrumentation,
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inadequate definitions of the attitude trait, or the intervention of
situational factors w h ich prevented a closer relationship between
attitude and behavior

(Fishbein,

1967).

Grade level and sex d ifferences

The degree of r e l ationship between mathematics achievement and
attitude varies with the grade level of the students studied.

In

the elementary grades the correlations reported between these two
traits is positive but small

(Anttonen,

1972; Hogan,

1975; Lindgren,

Silva,

Mastantuono,

1971; Moore,

1972).

1967; Dutton,

1962; Evans,

Faraco, and DaRocha,

1964;

In junior and senior high school

the correlations reported are still positive and tend to be somewhat
larger (Alpert, Steelwagon,
1956; Denegan,
Stephens,

and Becker,

1967; Eldridge,

1960; Werdelin,

1963; Anttonen,

1956; Husen,

1967;

1967; Davis,

Shapiro,

1962;

1966).

In addition to the correlation between attitude and achievement
varying by grades,

it tends to vary by sex and is somewhat higher

for girls than for boys

(Behr,

1973; Reese,

1961).

Reese

(1961)

suggested that because of this, math attitude would be a better
predictor of math a chievement for girls than it would be for boys.

Nonlinearity of r e l a tionship

In the m a jority of studies discussed above the researchers
assumed that math a c h i evement and attitudes are linearly related.
This is evident in their using measures of simple Pearsonian
correlation--which assumes

linearity— in the analysis of the
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relationship.

A linear relationship between achievement and attitude

means that for a given unit of change

(increase or decrease)

in one

trait there will be a proportional change in the other trait and it
is irrelevant whet h e r this change occurs in the lower, middle,
upper ranges of these traits.

For a linear relationship,

or

a moderate

increase of a given amount of change in achievement as an equal
increase in attitude in the middle or high ranges.
However,

it is not necessarily true that the relationship

between mathematics achievement and attitude is linear.
and Erickson

Brookover

(1975) present a theory relating school achievement to

attitude which, among other things, proposes a non-linear relation
ship between these traits.

They propose that in the lower ranges

of attitude that attitude and achievement are correlated to a
moderate degree,

but that in the middle or high ranges they are

correlated to a low degree or not at all.

Figure 1 depicts a

h ypothetical relationship between achievement and attitude which
is consistent with Brookover and Erickson's theory.
By inspecting Figure 1 it can be seen that equal increases in
attitude at a lower level

(from "a" to "b") and in the middle level

("c" to "d") do not correspond to equal changes in achievement.
an empirical test of this theory Brookover,

In

Paterson, and Thomas

(1962) conducted a longitudinal study of academic attitude and
grades for several hundred students from the eighth through twelfth
grades.

In a d d ition to using a general measure of academic self-

concept they included content specific measures of academic attitude,
including mathematics.

Whe n they analyzed for this hypothetical
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High

Math
A chievement

Medium

Low

Low

High

Medium
Math Attitude

Figure 1.
Hypothetical Nonlinear Decreasing Relationship between
A chievement and Attitude

nonlinear relationship between attitude and grades,

such a n o n 

linear relationship was indeed found.
Cristantiello (1962) used attitude toward mathematics as a
blocking variable in a study of the relationship between m ath a p t i 
tude and grades for male college sophomores.

It was found that in

the middle ranges of m a t h attitude, aptitude correlated higher with
grades than it did in the lower or upper ranges of attitude.

From

this study it m a y be hypothesized that at the extreme ranges of
attitude, achievement is more closely related to attitude than
aptitude; at the m i ddle range of attitude, achievement is more
closely related to aptitude than attitude.

A gain a nonlinear

relationship between m a t h achievement and attitude is indicated.
The findings of C ristantello are consistent with the writings
of Jack s o n

(1968) and Neale

(1969) who have concluded that math

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

attitude is correlated highest with achievement at extreme high or
low values of attitude.

Jackson differs from Neale by thinking

these sufficiently high and low values for attitude commonly occur
in the classroom setting, while Neale believes that such extreme
attitude values that would correlate meaningfully with achievement
are seldom if ever observed in the classroom setting.
aside this difference,

Putting

both writers have proposed a relationship

between mathematics achievement and attitude that may be presented
as in Figure 2.

High

Math
A chievement

Medium

Low

Low

Medium

High

Mat h Attitude

Figure 2.
Hypothetical Nonlinear Relationship between Achievement
and Attitude with Decreased Correlations in the Mid-ranges

As can be seen by inspecting Figure 2, if this is the relation
ship between math achievement and attitude then a given change in
the lower or upper regions of attitude will be accompanied by a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

32

larger change in achievement than would the same size change in
attitude in the m i ddle r a n g e . 1
Because of the possible non-linear relationship of achievement
and attitude a study examining the covariation of these traits, such
as this study,
analysis.

should allow for this possible non-linearity in the

For this study the relationship between achievement and

attitude were examined for non-linearity thus allowing for tr a n s 
formations of the d ata which would maximize correlations between
these traits.

Possible Causal Relationships Between
Ac h ievement and Attitude

Fr o m the previously reviewed research it is clear that a weak
but positive c orrelational relationship exists between mathematics
achievement and attitude.

However,

correlation between two traits

does not necessarily i m ply a particular causal relationship between
the traits.

A l t h o u g h many researchers have made strong statements

about the assumed causal relationship between mathematics ach i e v e 
ment and attitude, u p o n inspection it is seen that to a large extent
these researchers have built their conclusions on the shifting sands
of correlational data.

1In the figures w h ich have been drawn to show hypothetical n o n 
linear correlational relationships between achievement and attitude,
these traits were a r b itrarily assigned to the ordinate and abscissa.
T heir assignments could be switched in the figures and the intent of
this discussion wo u l d be equally well served.
There was no intention
to assume that one trait was an independent or predictor variable
and the other was a d e pendent or predicted v a r i a b l e .
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The studies to date do not clearly indicate what the causal
relationship between m athematics achievement and attitude is.
Feierabend

(1960)

in her review of the early research on mathematics

e d u cation stated that it was not possible at that time to determine
w hat the causal relationship was between the two traits.
later Ai k e n

Ten years

(1970a) came to essentially the same conclusion.

He

suggested that the causal relationship between the traits of
a chievement and attitude in mathematics should be the topic of
future research.

Interestingly, he further suggested that the c r o s s 

lagged panel technique would be a useful technique for studying this
relationship.
Although the research to date does not clearly indicate which
hypothesized causal relationship between the two factors is most
nearly correct,
these theories.

it is useful to review what has been proposed in
The intent of this review of hypothesized r e lation

ships is to present the competing explanations.

These hypotheses

will then be used later to examine the data collected for this study.
Most researchers assume that there is at least a limited
reciprocal causal r elationship between achievement and attitude
(Aiken, 1970a; Alpert,
Brookover and Erickson,

Steelwagon, and Becker,
1975; Fishbein,

1967).

1963; Bloom,
However,

1976;

these same

researchers differ dramatically in the assumed pattern of causal
predominance between these traits.

From the writings of these

researchers it is possible to discern two prominent models c o n c e r n 
ing the predominance of causation between achievement and attitude.
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Model 1 is the assertion that changes in attitude are a
stronger cause of changes in achievement than vice versa.

Educators

and researchers w ho have made this assumption have often been
concerned with using attitude to predict academic achievement
Kifer,

1973,

1975).

(see

Others who have made this assumption have

advocated educational programs to promote the development of positive
attitudes in order to produce improvements in achievement
1970a,

1970b; Brookover and Erickson,

(Aiken,

1975; Poffenberger and Norton,

1959).
As part of a longitudinal study of the academic self-concept of
several hundred junior high school students Brookover,
Thomas

Paterson, and

(1962) trained some parents of these students in techniques

for improving their students'

academic self-concepts.

The aim of

this training was to e ventually improve the students' academic
performance as a result of the improved self-image.

They reported

that some significant but small gains occurred in achievement for
the treatment group over the control group.

Brookover and his

colleagues concluded from this and other studies that self-concept
was a powerful cause of achievement.
n on-achievement factors,

Since they theorized that

particularly evaluations of the student by

parents, are the predominant cause of academic self-concept,

it may

then be inferred that they would feel the predominant direction of
causation would go from attitude
achievement.

However,

(academic self-concept)

to

the above conclusions from these data have

b een contradicted b y a re-analysis of the longitudinal data by
Calsyn (1974) who, using a cross-lagged panel analysis, concluded
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that achievement was the predominant cause of self-concept and not
the other w ay around.

In other words,

one set of data was used to

support two opposing conclusions.
Contrasting wit h Model 1 is Model 2 which is the assumption
that variations in achievement are a stronger cause of variations
in attitude than the converse.

Fishbein

(1967) may be characterized

as representing a Model 2 viewpoint when, after reviewing the general
lack of success in research directed at showing that attitude causes
behavior, he concluded that people tend to bring their attitude in
line with their behavior.
this finding
Landy,

(Cohen,

Other researchers have concurred with

1960; Gebhard,

1948; 1949; Gerard,

1965;

1966).

More specific to school-related achievement and attitude Bloom
(1976)

concluded from a review of several studies of school achieve

ment and attitude that success or failure in the school was the
predominant cause of attitude toward school subjects

(see also Kifer,

1973, 1975).
Model 1 and Model 2 are not the only possible models for
explaining the r elationship between mathematics achievement and
attitude.

A n other model, Model 3, can be proposed which assumes

that the correl a t i o n between the two is a result of both of these
traits being caused by one or more other factors.

Under Model 3

there is no causal relationship between achievement and attitude,
only a correlational relationship.
Neale

In support of a Model 3 position

(1969) asserted that attitude toward mathematics has little

if any effect on a chievement in mathematics.

He stated that other
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personality characteristics which influence both attitude and
achievement can account for the small correlations between these
traits.

Citing the work of Cattel and Bucher (1968) Neale concluded

that such factors as patience, compliance, and obedience are person
ality characteristics which are likely to influence both mathematics
achievement and attitude.
A visual comparison between the preponderant directions of
causation assumed by these three models is presented in Figure 3.

Attitude

^Achievement

Model 1

A chiev e m e n t

Attitude

Model 2
Achievement
Third Factor
^Attitude
Model 3

Figure 3.
Three Models of the Hypothesized Causal Predominance
between A chievement and Attitude

These three models then provide the basis for examining the
correlational relationships between the two traits under study.

Summary

In this chapter the context was discussed for investigating
the causal relationship between mathematics achievement and attitude.
Research regarding the trait of mathematics achievement was reviewed.
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Evidence about the factor structure of mathematics ability was
summarized.

Alth o u g h several studies have presented evidence that

mathematics has a multi-factor structure,
according to Kose
point.

this evidence, at least

(1967), has not conclusively established the

Other studies have shown that with maturation the i n t e r 

individual differences in mathematics ability increase.

These

differences are relatively small in the early elementary grades
but become quite large by junior high and above.
Attitudes toward mathematics have been usually measured by
student self report on scales and by ranking school subjects.
M athematics is liked about as much as most school subjects in
elementary school, but is rated less positively as students progress
through the grades into high school.

The most influential grades

for the development of math attitudes are the fourth through the
seventh or eighth

(e.g., Dutton,

1968).

Attitudes are correlated

with several important academic behaviors such as flexibility of
s olving problems and perseverance in the solution of difficult math
problems.
There are general differences between men and w omen in their
mathematics achievement and attitude in the junior high, high
school, and college levels.

Men in general score higher and more

positively than do women, although on specific instruments women
have outperformed m e n on both achievement and attitude.

Whe n

elementary grade students are studied the sex differences are much
smaller or non-significant and they tend to favor girls as often as
they do boys.
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Other variables, both intellective and non-intellective, have
been investigated for their relationship with achievement and
attitude.

General ability,

specific abilities

(particular verbal

a b i l i t y ) , and previous experience with mathematics are three
classes of intellective variables that are closely related to
achievement;

these variables are somewhat more moderately related

to attitude.

Certain non-intellective factors such as submission

to authority,

self-control, and community relations have a moderately

strong correlation with achievement.

At times these motivational

factors are more c l o sely related to achievement than is attitude
toward mathematics.

The school environment seems to support these

student characteristics and this may partially explain their rela
tionship with mathematics a chievement.

The home environment as

reflected through socio-economic status is a m oderately strong
influence on mathematics achievement.

The complex interactions of

students with different educational treatments are beginning to be
investigated through aptitude treatment interaction studies.

The

successful findings in this area are at present too few to provide
clear direction for mathematics research and education.
There is a consistent,

though small to moderate,

positive

correlational relationship between achievement and attitude.

This

relationship grows from a small positive correlation in the elem e n 
tary grades to a m o d erately strong correlation in high school and
college.

Some investigators have reported higher correlations

b etween attitude and achievement for women than men, but the d i f 
ferences in correlations between the sexes is usually small.
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Several researchers have indicated that a non-linear relationship
exists between achievement and attitude.

If the relationship

between these traits is markedly non-linear then the correlational
studies that have been reported are too conservative in the degree
of correlation.
Finally,

the hypothesized causal relationships between achieve

ment and attitude were discussed.

In one model it is proposed that

attitude is the predominant cause of achievement, and in the second
model it is proposed that the relationship is the other w ay around.
In a third model it is proposed that both traits are caused by one
or more other factors.

At present the research available does not

clearly support one causal model over the others.

The purpose of

this study is to test the adequacy of these three causal models in
explaining the relationship between mathematics achievement and
attitude.
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CHAPTER III
R E S EARCH DESIGNS FOR EXAMINING CAUSATION

Al though previous research has shown that a correlational
relationship exists between mathematics achievement and attitude,
this research has been inadequate for making inferences regarding
the causal relationship between these traits.

This chapter reviews

the limitations of several research strategies for investigating
this causal relationship.

Then, the relative advantages of using

cross-lagged panel correlations for investigating cause in a natural
setting are presented.

Logic of Making Causal Inferences

To empirically examine the causal relationship between two
traits researchers have generally followed the logic of identifying
temporal precedence.
by Crano, Kenny,

The logic for detecting causality was stated

and Campbell (1972).

W h e n a given event consistently preceeds the occurrence of
another, and the reverse does not hold, one of only two
possibilities is entertained:
(a) Event 1 is presumed to
be a cause (possibly one of many) of Event 2; or (b) Event
1 and Event 2 are the effects of some more general cause ( s ) .
(Crano, Kenny, and Campbell, 1972, p. 261)
In other words, in making causal inferences it is necessary to do
two things:

establish that variations in the causal variable

precede variations in the effect variable in time, and eliminate
the plausibility of other variables as the cause of both variables
under study.

40
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If a third variable does cause both Event 1 and Event 2, then
the correlational relationship that would be observed between Event
1 and Event 2 is only an artifact of their common cause.

This

artifactual correlation between effects with a common cause is
called a third variable effect.

Experimental Designs

In psychological research the true experimental design has
traditionally been considered the most useful investigative design
for inferring causal relationships.

Antecedent-consequence relation

ships are identified in experiments by varying one variable

(the

independent variable)

and then measuring the second variable

dependent variable).

R a ndom assignment of subject to different

(the

levels of the independent variable is used to control for third
variable effects.

Ran d o mization insures that being assigned to a

treatment or a control group
variable)

(different levels of the independent

is unrelated to a predisposition to respond to any other

variable, including the dependent variable.

Under these conditions

it m a y safely be inferred that a n y relationship between the indepen
dent variable and the dependent variable is the result of the
independent variable c a using

(at least partially)

the dependent

variable.
Because of the high level of control in the environment through
specifying what the treatment will be, who will get it, and when and
for how long they will get it,

these designs have strength in terms

of the internal validity of their findings

(Campbell and Stanley,
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1963).

However,

these experiments often obtain high internal

v alidity at a price--the weakening of the external validity of their
findings.
E xternal validity is the degree to which findings in one
particular study m ay be generalized to other settings,
and subjects.

treatments,

G eneralization to non-experimental settings

includes most of the world)

(which

is hampered by the very fact that

experiments are artificial interventions.

Barker (1965) illustrated

how such manipulative experiments can have low external validity.
In his experimental studies on student frustration he observed that
students consistently responded to frustration with certain
behaviors.

However, when Fawl (1963)

tried to apply these findings

in a naturalistic o bservation of students in the schools, the
experimental results were not replicated.

Students in the schools

experienced frustration less often than predicted and their behavioral
responses to frustration were qualitatively different than were
those of students in the experimental studies.

In other words the

experimental studies had low external validity for naturally
occurring school settings.

Guba

(1965) noted these observations

of Barker and included them in a discussion of the limitations of
e xperimental studies.

Among other things, Guba noted that expe r i 

ments can only show what is possible but not what is actual in the
natural setting.

Guba then made a call for the development of

alternative investigational methods, which he called aexperimental
techniques,

for those studies concerned with "what is" in the

school.
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C o r r e lation and Regression Analysis

Most studies of mathematics achievement and attitude are survey
studies conducted at one point in time.
sizes that some relationship,

The investigator hypo t h e 

perhaps causal, exists between these

two traits and then correlates scores of these traits.

If a

significant c o r relation exists the researcher often concludes that
this evidence supports the hypothesized causal relationship.
pointed out by Campbell and Stanley

As

(1963) when a significant

correlation does exist between two traits, such as achievement and
attitude,

it lends support to the belief that a causal relationship

does exist between the two traits.

However, measurement at one

point in time of m athematical achievement and attitude does not
provide evidence about a ny temporal antecedent-consequence
relationship between these traits.

It also does not control for

plausible third variable effects which may be causing the cor r e l a 
tion.

For these reasons simple correlational designs are

inadequate for investigating causal relationships.
B l alock (1964) has proposed that regression coefficients m a y
be used to infer c a usality under certain circumstances.

However,

he has warned that this ma y be done only when the influence of
outside variables is directed primarily at the variable designated
as the independent variable.

If outside variables influence both

the independent and d ependent variables,
ship will be m i s i d e n t i f i e d .
indicated,

then the causal relat i o n 

Certainly, as Calsyn (1974)

has

it would be incorrect to assume that outside variables
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affect only achievement or attitude and not both traits.
Campbell,

Brewer,

and Crano (1970) have extended the list of problems with

using regression for causal analysis.

T h e y argue that regression

analysis and partial correlations should only be used for causal
studies wh e n variables are measured without error and there are not
unique factors involved in each measure.

These conditions are

rarely, if ever, met in the social sciences.
Because of its reliance on partial correlations,
as presented by Duncan

(1969a, 1969b) and Heise

path analyses

(1969) are also

rejected as being inadequate for determining causal relationships.
Cook and Campbell

(1976) discuss the relative weakness of path

analysis for testing an hypothesis.

And, although Cook and

Campbell think that path analysis can be very useful for such
things as theory building and description of interrelationships
as viewed from a particular theoretical position,

they conclude

that path analysis is generally unsuited for determining the
causal relationship between variables.

Cross-Lagged Panel Correlation

Cross-lagged panel correlation was proposed independently by
Campbell

(1963; Campbell and Stanley,

(1964).

The cross-lagged panel correlation technique involves

1963) and Pelz and Andrews

m e a suring a panel of subjects on two traits
two points in time
are four measures.

(times 1 and 2).

(traits A and B) at

For each panel member there

If all possible correlations are computed for

the panel between these measures,

then six correlations are produced.
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The four measures and six correlations can be graphically represented
as in Figure 4.

A

r
1
B
r;
’4
time 1

time 2

Figure 4.
The Observations and Correlations in a Cross-lagged
Panel Correlation Study

The correlations between the two traits measured at the same time
(r^ and r^) are called the synchronous correlations.

The

correlations between the same traits measured at two times
r ,) are autocorr e l a t i o n s0
4
m easured at two times

(r^ and

The correlations between the two traits

(r5 and r^) are the cross-lagged correlations.

The causal relationship between traits A and B is investigated
by comparing the relative size of the cross-lagged correlations.
P roviding that certain assumptions are met,

to be discussed later,

if r,. is significantly greater than r6> then A is inferred to be
the predominant causal trait.

According to the logic of c ross

lagged panel correlation technique,

this inequality of correlations

is produced because

changes in

time 1 are followed

by changes in trait B (the effect) at

But changes in B at

time 1 are not followed by changes in

time 2.

trait A

(the predominant cause) at

On the other hand if r. is significantly greater
O

time 2.
A at
than r ,
J
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then B is inferred to be the predominant causal trait.
correlations r,. and

If the

are not significantly different from each

other then no evidence is provided for the causal predominance of
one over the other.
The cross-lagged panel technique established a temporal antecedent-consequence relationship by measuring the traits at two points
in time.

This technique also controls for third variable effects by

assuming a model where all observables are effects that can be
e xplained by a set of unmeasured common and unique factors.

Then

the hypothesis is tested to see that there are no changes in the
unique factors.

If the null hypothesis of no change in the factor

structure is accepted,
variable effects,

then,

under the assumption of only third

there should be no significant difference between

the cross-lagged correlations.

By examining for temporal effects

and controlling third variable effects the cross-lagged panel
correlations c an validly examine the causal relationships between
the two traits of achievement and attitude.

Assumptions

Three assumptions apply to making inferences from cross-lagged
panel correlations.

First,

it is assumed that the traits as measured

actually do v ary over time and that they do not fluctuate widely
w i thin the period of the study,
can be measured reliably

i.e.

they are changable traits which

(Pelz and Andrews,

1964).

Based upon the

large number of studies regarding mathematics achievement and
attitude

(see for example Aiken,

1970a,

1976; Feierabend,

1960) it
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seems quite reasonable that this assumption will be met since less
than constant but relatively stable measures of achievement and
attitude are commonly obtained for individuals

(Aiken, 1970a).

A second assumption is that there is a delay in the causal
relationship;

that is, a change in one trait will produce a change

in the second only after some passage of time

(Kenny, 1973a,

Pelz and Andrews,

1969).

1964; Rozelle and Campbell,

1973b;

Such a delay

in effect is plausible in the study of school effects since there
are "real storage processes"

(Rozelle and Campbell,

in terms of student and teacher memory,

grades,

1969)

present

school records, and

organizational arrangements such as ability grouping.
The third assumption of cross-lagged panel correlation is
stationarity of the common factor structure
Campbell,

1972; Kenny,

1973a,

1973b).

(Crano, Kenny &

This means that the shared

variance between variables does not change over time except perhaps
by some proportional constant.
for stationarity

The statistical methods for testing

(and remediation if significant departures from

stationarity are observed)

are presented in Chapter IV under Data

Analysis P r o c e d u r e s .
It is expected that stationarity would exist when little change
occurs in the ability and aptitude structure of the students.
Dye and Very (1968)

As

reported the factor structure of mathematical

ability is more complex and sharply differentiated for older than
younger students.

H ogan (1975)

observed this same increased

differentiation between attitudinal factors for upper elementary
and junior

high

students

over

lower

elementary

grade
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students.

If this is the case,

then repeated measures of these

traits that were separated by several years in time would likely
lack stationarity.

However,

if the first and second measurement in

the study both o c curred during the same school year,

as in this

study, then change in s t u d e n t s ’ mental structure would be a less
serious threat to stationarity.

Also, stationarity would most

likely exist if the instruments and procedures remained constant
for the two time periods of measurement.

Since standardized methods

and written i n s t ruments were used in this study, changes in
instrumentation does not seem to pose a strong threat to stationarity.

Limitations

Four areas of limitations regarding cross-lagged panel
correlation should be discussed.
have commented,

determining cause.
techniques,

First, as Cook and Campbell

(1976)

this is a relatively passive technique for
W h e n compared to more interventionistic

such as true experiments,

it is clear that a passive

technique such as this gives relatively little information about
the susceptibility of the causal variables to manipulation.

Often

the purpose of iden t i f y i ng causal variables in education is to
indicate which va r i a b l e s should be manipulated to obtain more
desirable outcomes.

However,

performing a cross-lagged panel

analysis gives relati v e l y little information about how to m a n i p u 
late the causal variable.

Also,

this technique does not indicate

what would h a ppen to the causal relationships if an intervention
were made in the prese n t ly existing process to modify that process.
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A second limitation is that it does not provide clear answers
to the question of causation.

As noted repeatedly throughout this

study, cross-lagged panel correlation can only give information
about the predominance of causation between two traits.

This

technique does not indicate whether a simple causal relationship
exists between traits or whether a reciprocal but imbalanced causal
relationship is present.
Third, as Rozelle and Campbell

(1969) observed,

this technique

does not test one hypothesis against another but tests confounded
pairs of hypotheses against each other.

Since this is a somewhat

less apparent limitation of the cross-lagged panel technique it will
be discussed in more detail.

In the causal relationship between two

traits one trait m a y either be a direct or an inverse cause of the
second trait.

A direct causal relationship is typified by a positive

c ovariation between the two traits.
result in increases in the effect.

Increases in the cause will
An inverse causal relationship

is typified by a negative covariation between the two traits'.
I ncrease in the cause will resu*

^n decreases in the effect.

In

the special case where one factor is the only or the major cause of
the effect then the sign of the correlation between the traits will
indicate a direct

(positive sign)

or inverse

(negative sign) causal

relationship.
However, a direct or inverse causal relationship cannot
n e c e ssarily be identified by simply examining the sign of the
c orrelation between traits.

For example,

the sign of a relatively

w e a k inverse causal relationship between traits can be masked by a
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stronger direct causal influence from a third factor influencing
both traits.

Under the influence of a strong direct third factor

effect all correlations in a cross-lagged panel analysis may be
positive in spite of the existence of an inverse causal relationship
between the traits.

For this reason, when the significant difference

r5 > r6 ^S6e ^■‘•Sure 4) is observed between two cross-lagged correla
tions there are a pair of confounded hypotheses:
cause of B a n d / or B is an inverse cause of A.

A is a direct

Conversely, if

r^ > r^ then two additional hypotheses are confounded:

B is a

direct cause of A a n d /or A is an inverse cause of B.
In addition to the two pairs of confounded hypotheses described
by Rozelle and Campbell

(1969) and discussed above,

there is a third

pair of confounded hypotheses in the cross-lagged panel technique.
Whe n there is no significant difference between the cross-lagged
correlations it is not necessarily clear that there is no causal
r elationship between the two variables.

It is conceivable that an

equal reciprocal causal relationship could also produce this pattern
of no difference.

Only in the special cases when the cross-lagged

correlations were significantly larger than the synchronous correla
tions, or when the cross-lagged correlations rose then fell when
tested over increasingly longer intervals of time, could such a
distinction be made between causal and non-causal relationships.
Untangling these confounded hypotheses is not possible with
presently available techniques if only information in the c r osslagged panel correlation is considered.

Rozelle and Campbell

(1969)

at one time proposed the use of a no-cause baseline estimate to
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d istinguish between confounded hypotheses.

This technique required

the use of reliab i l i t y estimates for the measures to produce the
no-cause baselines.

But as Kenny (1970) showed, different estimates

could be produced for the no-cause baseline, depending on whether
internal or test-retest measures of reliability were used.

This

finding has c o n s iderably reduced the utility of the no-cause
baseline in diffe r e n t i ating between the confounded hypotheses.
At present a useful strategy for distinguishing between the
confounded hypotheses is to use information from other studies and
from theory.

This information may indicate whether one of the

confounded h ypotheses is sufficiently improbable as to be rejected
§. priori as not a plausible hypothesis.

To the degree that this

can be done for specific studies then the indeterminancy between
hypotheses can be resolved.

When the hypotheses for this study are

discussed later in C h a pter IV this strategy will be used.
Finally, the ass u mption of stationarity is a marked constraint
on the types of studies that
involving the meas u r e m ent

can be conducted. Panel studies

of changing subjects over several years

time, such as a m u l t i - year study of school children, are likely to
violate the assum p t i o n of stationarity.

Also, measuring students

repeatedly under different conditions will likely produce errors
that are correlated at one time.

As these correlated errors

change from one mea s u r ing time to another measuring time they may
produce spurious patterns

of causal predominance.

these types of violations

of the assumption of stationarity can be

detected, and perhaps remediated,

However, since

they are not as serious a threat
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to drawing w rong conclusions as they are to potentially invalidating
a study.

Summary

In summary, cross-lagged panel correlation is an adequate
technique for detec t i n g causal predominance between traits.

Other

research techniques such as correlation or regression analysis are
clearly inadequate for investigating causal relationships.

The

true experiment has hig h er internal validity than does the cr o s s 
lagged panel correlation, but such manipulative techniques often
sacrifice external v a lidity for internal validity.

The cross-lagged

panel c orrelation represents a half-way position between the need
for both internal v a lidity and the need for external validity.

The

cross-lagged technique is most useful for studying causal relation
ships under n a t urally occurring conditions.
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CHAPTER IV
STUDY PROCEDURES

In this chapter is described the source of the data for this
study.

The hypotheses to be tested in the study are presented, and

the replications of the study at four grade levels are discussed.
The particular research procedures,

including subjects, instruments,

data collection, and data analysis procedures are then described,
and finally, the limitations of the study are examined.

Source of Data

The data for the present study were originally collected by
N owakowski and Ferreira

(1975) as part of an evaluation of a

compensatory mathematics program in Michigan.

The evalua tion was

c onducted during the 1974-75 school year for the Michigan Department
of Education.

The mathematics program evaluated was entitled

"Special Elementary Education for the Disadvantaged"

( SEED).

The SEED program

The SEED p r ogram was developed by Dr. W i l l i a m Johntz in
California.

Mich i g a n first implemented SEED in selected elementary

schools during 1970 and had funded it yearly until 1975.

During

the 1974-75 school year 62 schools in 9 school districts were
holding SEED classes.
The SEED prog r a m is distinguished by at least four char a c 
teristics.
First, Michigan SEED students are third, fourth,

53
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fifth, and sixth grade children who attend schools char a c 
terized b y low basic skills achievement levels.
Second,
SEED teachers are primarily college professors and instruc
tors and graduate-level students who [rather than the
regular classroom teacher] provided supplemental mathematics
instruction for four 40 to 60 minute periods per week per
class.
Third, the SEED specialists provide instruction in
abstract, conceptually-oriented mathematics, which includes
such topics as algebra, geometry, number theory, set theory,
and elementary logic.
Fourth, the instructional mode of
the SEED specialist is dominated by methods described as
d iscovery learning and positive reinforcement.
(Nowakowski
and Ferreira, 1975, page 3)

The SEED evaluation

The Nowakowski and Ferreira evaluation of SEED provided three
kinds of information:

a description of SEED classroom instruction;

an assessment of the effectiveness of the inservice instruction
g iven by SEED teachers to regular teachers; and a measurement of
d ifferences between SEED students and comparison students on
mathematics achievement and attitude.
A mong other techniques for the evaluation,

a quasi-experimental

pretest-posttest design was used to measure student outcomes.
T hirty-seven SEED classes and 25 comparison classes were tested
for mathematics achievement and attitude outcomes.

The 25

comparison classes were selected from a sample of the schools in
w hich SEED instruction was given.

Teachers in SEED classes and

comparison classes volunteered to participate in the evaluation.
The findings of the SEED e v aluation were that, in general,
there were no significant differences between SEED classes and
comparison classes on achievement or attitude.

The in-service

c omponent of the SEED program was extremely wea k or non-existent.
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Only occasionally were some elements of the SEED method of i n struc
tion adopted by the regular teachers for other class instruction.
A panel of experts brought into question the claim that SEED was a
discovery learning technique.

They thought that SEED did not allow

increased student q uestioning in conjunction with decreased teacher
directedness, as is typical of discovery learning.

The panel of

experts also raised questions concerning the appropriateness of
teaching the abstract mathematical content covered by SEED at these
grade levels.

Secondary analysis of SEED data

The student achievement and attitude data for the comparison
students in the SEED evaluation were used in the present study.
The testing and then retesting of the same students allowed for a
cross-lagged panel analysis of the data.

The comparison group

students were selected because they did not receive additional or
special mathematics instruction.

For comparison group students the

observed relationship between achievement and attitude would be
more generalizable to other students.

The SEED classes were not used

since they m ay be atypical because of the introduction of a treatment
constituting a doubling of the class time spent on mathematics
instruction.

And,

the data for this evaluation were used in this

present study because they were available and in a form that allowed
for a secondary analysis on the issue of the causal relationship of
achievement and attitude.
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E x perimental Hypotheses

In the present study was examined the causal relationship
between mathematics achievement and attitude in the later elementary
grades.

A cross-lagged correlation analysis was used to investigate

causation between these traits.

The general array of competing

and confounded hypotheses for a cross-lagged analysis were presented
in Chapter III.

In this section the specific hypotheses for this

study are given and some effort is made to disentangle confounded
hypotheses.

To facilitate this presentation, Figure 4 from

Chapter III is re-presented here as Figure 5 with the specific
traits and time periods of this study substituted for the generic
items used in the general discussion.
r3
Achievement—

-Achievement

Attitude

December

'74

May '75

Figure 5.
Arr a y of Cross-lagged Correlations for AchievementAttitude Causation A n a lysis

The five possible hypotheses for the study are:
(1) A chievement is a direct cause of attitude.
(2) A c h i evement is an inverse cause of attitude.
(3) Attitude is a direct cause of achievement.
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(4) Attitude is an inverse cause of achievement.
(5) A chievement and attitude are not causally related--their
c o v a r iation is a result of third factor effects.
The selection of one hypothesis over the others is made by
comparing the relative size of the cross-lagged correlations between
achievement and attitude.
of the cross-lagged

But, as discussed under the limitations

technique in Chapter III,

confounded with each other in pairs.

the hypotheses are

The general strategy for

overcoming this confounding is to eliminate one or more confounded
h y p otheses by using information from sources outside of the cro s s 
lagged analysis.

Fortunately,

achievement and attitude,

in the particular case of mathematics

sufficient outside information exists to

eliminate a priori two of the confounded hypotheses.
The improbability of the hypotheses of inverse causation
(hypotheses 2 and 4) is established by considering three types of
information:
cally,

theoretical, empirical, and common sense.

Theoreti

the notion of an inverse causal relationship between achievement

in a school subject and attitude toward that subject is contradicted
b y m a n y wid e l y held theories relating achievement and attitude
Aiken,

1970b; Bloom,

Fishbein,

1976; Brookover and Erickson,

1967; Gebhard,

1948,

1949; Kifer,

(e.g.,

1975; Cohen,

1960;

1975).

The hypotheses of inverse causation are contradicted not only by
theory but also by empirical evidence.
Aiken,

1970a; Feierabend,

It has been shown (e.g.,

1960) that, with only very few exceptions,

whe n a significant correlation is observed between measures of
achievement and attitude it is a positive correlation;

this is generally
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true in spite of the wide variety of subjects, instruments, and
procedures used

(Aiken,

1970a).

the world is overdetermined,

If, as many researchers believe,

then the positive correlations between

these traits is evidence for a direct causal relationship between
them or with some third f actor(s).
Finally,
intuitive.

the hypotheses of inverse causation seem c o unter

It seems implausable that achieving well in a subject

would lead to negative attitudes toward it, or doing poorly would
result in positive attitudes.

But this is what an inverse cause of

a ttitude by achievement would imply.

Similarly,

it seems implausable

that positive attitudes toward mathematics would cause low a c hieve
ment, or negative attitudes would promote high achievement.
Based upon the preceding discussion the hypotheses actually to
be tested in this study are present below:
I.

If the cross-lagged correlation from achievement to
attitude is significantly greater than the cross-lagged
correlation from attitude to achievement (r > r ) then
it will be concluded that achievement is the predominant
cause of attitude.

II.

If the correlation from attitude to achievement is greater
(r^ > r,.) then it will be concluded that attitude is the
predominant cause of achievement.

III.

If there is no significant difference between the two
cross-lagged correlations then one of two conditions could
be true:
(a)

Achievement and attitude have an equal,
causal relationship, or

reciprocal

(b)

There is no causal relationship between achievement
and attitude.

If hypotheses III is supported then a comparison can be made
bet w e e n the cross-lagged and synchronous correlations.

For the
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first condition of equal reciprocal causation to be supported the
cross-lagged correlations would need to be significantly larger
than the synchronous correlations.

Since correlations between

measures normally decrease as time between testings increases,
larger cross-lagged than synchronous correlations would indicate a
causal relationship.

For the second condition of no causation to

be supported the cross-lagged correlations would need to be equal
to or smaller than the synchronous correlations.

Replication Across Grades

In order to more carefully examine the causal relationship
between mathematics achievement and attitude this study was
replicated four times, once each at grades three through six.
S tronger evidence for cause would be provided if such an effect
were observed at each grade level.

Also,

replication would allow

for observing any changes in the causal relationship across grades.
One of the serious weaknesses of present educational research
practices is a failure to replicate studies

(Stanley,

1967).

Whe n

studies are replicated and the original findings are confirmed,

then

there is reason for greater confidence that a real relationship has
been identified.

W h e n replication fails to confirm the original

findings an examination of the similarities and differences between
the studies concerned m a y yeild greater insight into the true nature
of the phenomenon under study and appropriate methods for i nvestiga
ting it

(see for an example Barker,

1965).
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B y examining the pattern of causal relationships across grades
it was possible to identify developmental trends that might have
occurred.

The strength of a causal relationship might have increased

or decreased as relationships in the third grade were compared with
relationships in the fourth,

fifth, and sixth grades.

Research Procedures

As discussed earlier in this chapter,

this study is a secondary

analysis of a portion of evaluation data collected by Nowakowski and
Ferriera

(1975).

O nly the comparison classes for the student outcome

part of the SEED evaluation are used in this section and in the
remainder of this study.
ments,

The description of the subjects,

inst r u 

and data c ollection reflect the SEED evaluation activities.

The data analysis, however, was performed uniquely for this study.

Subjects

Students in 26 classes2 in 13 elementary schools were included
in this study.
districts.
level.

These elementary schools are from eight school

A p p r o x imately 170 students were tested at each grade

The d istribution of classes and students across grades is

p resented in Table

1.

N o data on individual students was available regarding sex,
racial/ethnic background or other demographic data.

By examining

2T wenty-four classes were originally tested, but since two of
these classes contained a large proportion of students in two grades
(grades 4 and 5, grades 5 and 6) data from these two classes were
separated into groups by grade level so that they were counted as
four classes for this analysis.
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Table 1
Distr i b u t i o n of Classes and Students Across Grades

Grade

No. of Classes

Total No. of Students

3rd

6

149

4th

7

188

5th

7

181

6th

6

167

data on the school districts and the schools in this study it is
possible to gain some idea of what population the students in this
study probably represent.

All of the schools in this study were

below average in tests of basic skills and were recipients of
c ompensatory e ducation funds

(Nowakowski and Ferreira,

1975).

All

eight of the districts sampled in this study were in cities and had
relatively large enrollments compared to other Michigan school
districts.

Of the eight districts in the study,

m ent was about 12,600 students

the me dian en r o l l 

(range of 4,236 to 259,066 students)

w hile the m e d i a n enrollment in all Michigan school districts was
a p p roximately 1,750 students.

The median enrollment of the 13

schools in the study was just under 500 students with a range of
379 to 1,237 students

(Williams and Warf,

1974).

The racial/ethnic composition of these schools reflects their
u r ban settings.

For the eight districts in this study the median

percentage of the districts'
(range of 17% to 90%).

enrollment of minority students was 36%

However,

the 13 schools in this study had a
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m u c h larger proportion of minority students with a median of 97%
being mi n o r i t y students

(range of 26% to 100%).

These minority

students were primarily black with only two districts having between
5 and 10% of their enrollment being classified as Spanish American,
the next most frequent minority group

(U.S. H.E.W.,

1974)„

One of the school districts in the study was in a very large
m e t r opolitan area.

The other seven districts were in middle sized

cities.

at least two different kinds of communities

Therefore,

were represented in the schools sampled.

Also,

three of the thirteen

schools in the study had less than 50%. minority students enrolled
(U.S. H.E.W.,

1974).

So, although the schools in the study tended

to be more urban than the typical Michigan school and to serve a
high percentage of mino rity students,

there was still considerable

variation w i thin the schools sampled for this study.
Although no individual information on the sex of students is
available,

since whole classes were sampled in this study,

it is

assumed that the students were approximately evenly distributed
between boys and girls.

This assumption was supported by d iscus 

sions w ith the senior author of the original study
More detailed information about the districts,

(Nowakowski,

1977).

schools, and classes

that participated in this study is available in Appendix 1.

Instruments

The Comprehensive Test of Basic Skills
(1969)

(CTBS) Arithmetic Test

published b y the California Test Bureau was used to measure

mathematics achievement.
pencil test.

This is an objectively scored paper and

Level 1, For m R was used to test students in grades
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3 and 4.
6.

Level 2, F o r m R was used to test students in grades 5 and

The Compu- S c a n M ac h i n e Scorable Booklet was used for Level 1

and the Compu - S c a n answer sheet was used with the Level 2 test.
Tests were machine scored by the publisher.
B oth levels provide three subtest scores and a total score
which is the sum of the subtests.

The Arithmetic Computation

subtest measures performance on the fundamental operations of
addition,

subtraction, multiplication,

and division.

The Arithmetic

Concepts subtest measures performance in recognizing and/or applying
the appropriate m a t h ematical concept and technique,

the ability to

convert mathematical concepts from one form to another,

and the

a b ility to comprehend numerical concepts and their interrelation
ships.

The A r i thmetic A p plication subtest measures performance in

solving complex m a t hematical problems
R aw scores on the CTBS subtests and total Arithmetic test were
used for this study.

Both subtest and total CTBS scores were used

in the analysis for this study.

As indicated under the discussion

of general versus specific mathematics achievement factors in
C hapter II, there is no clear concensus as to whether mathematics
achievement is a unitary or multi-factored trait
Kose,

1967).

(Aiken,

1971a;

For this reason subtest and total scores were both

used.
Table 2 shows the number of items, administration time, and
internal consistency statistics for Level 1 and 2 Arithmetic tests
and their subtests.

The internal consistency of the subtest scores

is acceptably high to allow separate interpretation of each subtest
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Table 2
N u mber of Items, Time Limits and KR#20s
for Levels 1 and 2 of the CTBS Arithmetic Test

KR#20 by Grade Level

Level of Subtest

Level 1 (total)

Items

Minutes

3.3

(N=520)a

4.3

(N=468)

110

79

.96

C omputation

60

46

.94

.95

C oncepts

30

15

.86

.88

A p p lication

20

18

.85

.89

5.3

(N=616)

.97

6.3

(N=565)

Level 2 (total)

98

73

.94

.95

Computation

48

40

.89

.89

C oncepts

30

18

.86

.86

A p p lication

20

15

.80

.86

aNumbers in parentheses are sample sizes for the KR#20s (Comprehen
sive Test of Basic Skills:
Technical Report, 1970, pp. 35-36).
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score.

A l though the KR#20s for the total scores are somewhat

h i gher than any subtest's,

this does not necessarily indicate a

unitary trait of m a t hematics achievement.

It should be noted that

about half of the CTBS test items come from the computation subtest.
Items from the other subtests may also contribute somewhat to the
computation subtest,

assuming that the three subtests actually

me asure different factors.

The items from the other subtest may

then be thought of as lengthening the computation subtest, therefore
increasing its reliability, without necessarily precluding the
existence of separate factors of mathematics achievement.
The S u rvey of School Attitudes
Brace, Jovanovich

(SSA)^ published by Harcourt,

(1975) was used to measure mathematics attitude.

This is an attitude scale with Likert-type response options.

The

Primary Level, F o r m B, was used to pretest in grades 3 and 4; the
Primary Level, F orm A, was used to posttest these grades.
Intermediate Level, F o r m B, was used
grades 5 and 6.

both

The

to pre- and posttest in

Students responded in both levels of the SSA by

marking directly on the instrument.
hand scored by the evaluation staff

These instruments were then
(Nowakowski and Ferreira,

1975).

Both levels of the SSA have four subscales for measuring
attitude toward reading and other language arts, mathematics,
science,

and social studies.

Fifteen items are included in each

3A pre-publication version of the SSA was used for pretesting
students.
The published version of the SSA contained only 15 of the
17 pre-publication items for each subscale.
In this study only
those 15 mathematics subscale items that appeared in the published
v e rsion of the SSA were scored and analyzed.
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subscale for a total of 60 items in the SSA.

Each item is scored as

a 0 if a student does not like an activity, a 1 if he/she is neutral
toward it, and a 2 if he/she liked it.
subscale is 0 and the maximum is 30.
score was used in this study.

So the m i nimum score for a
Only the mathematics scale

The items in the scale depict different

mathematics activities in school and every day life.
Raw scores on the SSA mathematics scale were used for this study.
Table 3 shows the number of items by content emphasis for both levels
and forms of the SSA.

Table 4 shows the internal consistency statis

tics for both levels and forms of the SSA math scale.

Since in

grades 3 and 4 both Forms A and B of the Primary Level were used, it
is interesting to note that in one study of the test-retest, alternateform reliability of these forms over a ten day interval in grades 1
through 3 combined
obtained

(Hogan,

(N=314) a correlation coefficient of

.65 was

1975).

In the present study test-retest reliability scores were
obtaintd for the sub-scales and total scores of the CTBS and for the
math sub-scale of the SSA.

These scores were obtained separately

for grades 3, 4, 5, and 6.

The Pearson Correlations between two

measures on these instruments were computed on measures taken at
approximately a five month interval.
The test-retest correlations for the CTBS appear to be acce p t 
ably high for this study.

With one exception,

correlations also appear to be acceptably high.

the SSA test-retest
However,

the SSA

correlation for the fourth grade is markedly lower than at the other
grades.

Such lack of reliability can jeopardize the causal analysis.
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Table 3
Classification of Math SSA Items by Curricular Emphasis

Primary
A
B

Emphasis

Concepts of Numeration, Set, etc.
Computation
Geometry and Measurement
Problem Solving
Charts

Total

7
3
4
1

15

Intermediate
A
B

~

6
4
2
2
1

6
4
2
2
1

15

15

15

7
3
4
1

Note.
Table information derived from SSA manual
p. 5).

(Hogan,

1975,

Table 4
Internal Consistency of Math SSA Scores

Grade 3

Level, Fo r m

Grade 4

Primary
A
B

,89
.87

(.87)
(.87)

.91
.89

(.88)
(.88)

Intermediate
A
B

.89
.89

(.88)
(.89)

.91
.90

(.90)
(.90)

N o t e . T able data taken from SSA manual
1975, p. 8).

(Hogan,

a split-half reliability coefficients, corrected
by the Spearman-Brown formula
^coefficient alpha reliability estimates
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Table 5
Test-retest on CTBS and SSA in this Study

CTBS
No. of
Students

Grade

C omputation

Concepts

SSA

Application

Total

3rd

83

.67

.68

.51

.78

.51

4th

107

.73

.81

.69

.82

.38

5th

118

.80

.82

.75

.90

.58

6th

112

.84

.70

.76

.75

.78

For the CTBS1 Level 1 Form R was used in grades 3 and 4; Level
Note.
2 F o r m R was used in grades 5 and 6.
For the SSA the Primary Level
F orm B was used to pretest in
grades 3 and 4; F o r m A was used to
posttest.
The SSA Intermediate Level F o r m B was used to pretest and
posttest in grades 5 and 6.

L ow reliability can attenuate measures of correlation between two
traits.

It can also bring into question the assumption of relatively

stable measures as is necessary for cross-lagged correlational analysis
(see cross-lagged assumptions in Chapter I I I ) .

Data collection procedures and schedule

Classes
SEED program

in this study were selected by the evaluators of
to be comparable

to SEED classes.

the

The evaluator contacted

the school principals who in turn invited the teachers to participate
in this data collection effort.
Teachers who were thus selected were sent a packet of material
just prior to the pretest and again prior to the posttest.

These
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materials were sent to the building principal who then delivered
t hem to the teachers.

Each packet contained the following materials:

(1) a letter describing the evaluation
(2) general instructions for administering and returning
materials
(3) test materials and examiner's instructions for the SSA and
CTBS Arithmetic Test
(4) an information sheet for teachers to indicate actual dates
and times of testing, attendance on these occasions,
if any,

and deviation,

from prescribed testing procedures

(5) a questionnaire

(these data were not used in the present

study)
(6) a large self-addressed,

prepaid envelope for returning

materials
In general instructions teachers were requested to test
students only on Tuesday, Wednesday, and Thursday of the same week.
They were given two weeks to choose from for testing, or they could
select another w e e k of they so chose.

They were instructed to

administer the SSA first and then the CTBS in two parts.
For the administration of the SSA teachers were instructed to
tell the students that it was not a test, that they would not be
graded on it, and students should respond honestly to show how they
feel.

In grades 3 and 4 the SSA was to be administered in two

twenty-minute sessions.

In these grades the teacher read all

directions and read each item to the students as a class.
5 and 6 the SSA was administered in one 25 minute session.

In grades
In these
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grades the teacher read the directions to the students but students
read each i tem to themselves and answered at their own pace.

If a

student needed h elp reading an item the teacher was asked to read
the item to the student.
The CTBS Arithmetic Test was to be administered in two sittings,
preferably on the d a y or two days following the administration of
the SSA.

For the first sitting the Computation subtest was to be

administered.

For the second sitting both the Comprehension and

Application subtests were to be given.

All tests were to be

administered a c cording to the appropriate instructions in the CTBS
Examiners M a n u a l .
The following schedule indicates the actual dates on which the
pretesting of control group classes occurred.

Treatment group

classes were also tested during this same period but, because they
are not included in the present study,
administrations will not be given.

the particulars of their

The majority of classes

pretested their students on either the days of December 3, 4, and 5
or 10,

11, 12 in 1974.

17, 18, and 19.

One fourth grade class pretested December

T w o a dditional classes, a third and a fourth grade,

had administered their pretest by January 7, 1975.
The following schedule gives the actual dates on which the
posttesting of control group classes actually occurred.

Two fifth

grade classes were posttested during the week of April 28.
classes posttested either May 6, 7, and 8 or 13, 14, and 15.
classes posttested d u ring the wee k of M ay 26.

Seven
Three

One fifth grade class

was posttested on June 11.
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Al t h o u g h the actual length between pretesting and posttesting
for any g iven class m a y vary slightly,

the average class was post

tested b e tween four and five months after being pretested.

On any

given testing occasion the SSA and the CTBS were administered
wit h i n a five d ay period.

Data analysis procedures

Coding.
analysis.

D ata from the SSA and CTBS were coded for computer

For each student the follpwing data relevant to this

study were coded:

teacher code number, grade level, SSA Mathematics

pre- and posttest raw scores,
Application,

CTBS Arithmetic Computation, Concepts

and total pre- and posttest raw scores, and a missing

data variable to indicate the presence of missing data for one or
more of the SSA or CTBS s c o r e s .
Descriptive s t a t i s t i c s .

For each grade level the mean and the

standard d e v iation and frequency distribution of scores were
computed for the SSA and CTBS variables.

These statistics were

computed for the total sample, and also for those students for who m
all data was obtained.

The total number of students taking a

particular test and the number of students with complete data on
all tests is reported.
Test for linearity in r e l ationship.
Cristantiello,

Previous research

(e.g.,

1962) has indicated that a curvalinear relationship

ma y exist b e tween m a t hematics achievement and attitude.
non-linear relationship existed,

If such a

and was not allowed for, the

computed c orrelation b e tween achievement and attitude would be less
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than the actual correlation.

To test for this possibility a first-

order linear regression model was computed at each grade level
between the CTBS total as the dependent variable and SSA as the
i ndependent variable.

Using the replications of scores at different

levels of the SSA a formal test for linearity was performed
and Wasserman,

1974).

(Netter

Graphic analysis of data was also performed

to examine for the aptness of the regression model.

If departures

f rom the simple linear model had been observed then appropriate
remedial measures would have been taken to correct for these
departures

(Netter and Wasserman,

A t test.

1974).

Both the test for stationarity and the test for

causal predominance involve a test of differences between two
correlations.

One statistic that could be used to test this

d ifference is the j: based on Fisher's z-transformation.

This is a

wi d e l y used statistic for testing differences between correlations.
However, one assumption of this statistic is that the correlations
being compared are independent of each other.

In a cross-lagged

panel correlation there is an array of six correlations that are
dependent correlations.

By not taking this dependency into account

w h e n comparing two of these six correlations,

the z-transformation

t tends to be an overly conservative statistic for a given error
rate.
Rozelle

(1965)

in a Monte Carlo study of the z-transformation

t:, in simulated cross-lagged panel correlation studies,

found that

this statistic was overly conservative for a given alpha rate.

In

this same study a second jt statistic for dependent correlations was
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tested.

This second

F i l o n (1868)
VanVorhis

t

statistic was first proposed by Pearson and

and has b een discussed more recently by Peters and

(1940).

The Pearson Filton t (designated as t^ throughout

the rest of this document)

includes an adjustment to account for

the correlation between the correlations being tested.

In the Monte

C a r l o study the jtr was also found to be a somewhat conservative
test for a given alpha rate, but it was much closer to the intended
alpha rate than the z-transformation jt.
Kenny,

and Campbell

(1972)

lagged panel correlation,

For this reason Crano,

recommended the t^. for use in cr o s s 
and this statistic will be used in the

present study for testing stationarity and causal predominance.
The formula for computing Jtr is fairly complicated.
four dependent measures on a panel of subjects

Given

(see Figure 4) and

the six correlations that can be computed between these observations,
r^, r^,

r^, r^, r^ and r^, the difference between any two of these

correlations,

say r,. and r , is tested by the following statistic

3

(Peters and Van Vorhis,

6

1940):

r5 ' r6
tr = _________ , where df = N-3,
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Setting a probability level for t e s t s .

In the analysis for this

study four t^s will be computed on the same data within replications
for stationarity.

Also,

four t_rs will be computed for causality.

T o help control changes in error rates due to these multiple tests
a n adjustment in the critical level for the test statistic needs to
be made.
Rozelle

(1965)

suggested an adjustment that would control the

e rror rate given multiple tests on the same data.

A new error rate

(j>1) is computed which, across the multiple tests actually reflects
the desired error rate

(jj) .

For a desired error rate of £ <

the adjustment formula is £' =

1

.

.05

Since there are four tests

computed on the same data for stationarity and again for causality,
the adjusted error rate would be
then, if a £.' <

1

or p 1 <

.0125.

Wit h rounding

.01 is selected for testing ^.s that are computed,

then the true error rate within replications would be approximately
£

<.05.
Test for st a t i o n a r i ty.

Once a linear relationship was

obtained between the SSA Math scale and CTBS Arithmetic scores,
Pearson product moment correlations were computed between the four
observations in each panel of students.

Before this array of
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collections was examined for causal predominance,

it was necessary

to test for stationarity in relationship between these traits.

A

necessary condition of stationarity is that the synchronous pre- and
posttest correlations be equal

(Crano, Kenny, and Campbell,

1972).

T hese synchronous correlations are compared using the t^ statistic
w ith p < .01.
If a significant difference is observed between these correla
tions,

then an adjustment can be made only if the nonstationarity is

a result of changes in the amount of the loading on the various
factors involved and not due to a change in the kind of loadings
between factors

(Crano, Kenny, and Campbell,

1972).

With a change

in amount, all the loadings of a test change by some multiplicative
constant.
structure.

In a sense,

there is no change in the common factor

The procedures for adjusting the correlations to compe n

sate for a change in amount of the factor structure is presented by
Crano, Kenny, and Campbell

(1972) .

Once the array of correlations has been adjusted then the test
for stationarity is again performed.

If the hypothesis of station

arity is not rejected then the cross-lagged panel correlation can
be tested for causal predominance.
rejected,

If stationarity is still

then it is possible to identify certain causal patterns,

but other causal patterns will be confounded with the nonstation
arity of the relationship

(see Calsyn,

Test for causal pr e dominance.

1972).

The test for causal predominance

i nvolves the comparison of the cross-lagged correlations using the

tq.

statistic.

As presented in the Hypotheses section,

if the
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cross-lagged correlation from the CTBS total to the SSA is signifi
c a ntly (p < ,01)

larger than the reverse cross-lagged correlation

then achievement is inferred to be

causally predominant of the

traits.

opposite pattern of cross-lagged

In similar manner,

correlations is observed,

if the

two

then attitude is inferred to be the

predominant of the two traits.

However,

it should be restated that

a reciprocal relationship may well exist between the two traits even
if one trait is indicated to be causally predominant.

Limitations of Study

As w ith any study, the present study has limitations on the
populations and variables to which

findings m ay reasonably be

generalized.

design of the study may

Also, the particular

not

expose important aspects of the achievement-attitude relationship.
The present study is of students in the third,
and sixth grades.

fourth,

fifth,

Changes in the students and changes in their

e nvironment m a y limit the generalizations that can be made to older
students.

Attitudes toward mathematics, as well as other school

subjects, become more negative as students advance into the middle
and high school grades.

The mathematics curriculum becomes more

complex; electives are added.

These factors,

and surely others,

limit the grades to which generalizations can be made.
Also, students in this study were urban, mostly minority, and
from schools that were below average in basic skills performance.
Students and schools with different characteristics may result in
different causal relationships.

Crano, Kenny,

and Campbell

(1972)
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in a study of intelligence and achievement noted that for suburban
students an abstract-to-concrete skills causal relationship
existed, while just the opposite direction of causation existed
for inner-city school children.
Another limitation to generalizability of findings is the
operationalization of the traits of mathematics achievement and
attitude.
test.

Achievement was measured by performance on a standardized

The results of this test were not reported back to students

or teachers.

The results of these tests could not directly serve

to inform the attitudes of students, but could only indirectly
indicate what other messages,

such as grades and informal teacher

evaluations, might be communicated to students about their perfor
mance.

If grades or some other form of evaluating achievement were

used then different results might be found.
Similarly, attitude can be operationalized in different ways.
Calsyn (1973)

in a secondary analysis of different sets of data

used a cross-lagged analysis to examine the causal relationship of
school achievement and attitude toward academic activities.

He

found that, under different conditions, different measures of att i 
tude related d ifferently to grades.

However, no consistent picture

emerged regarding w hich measures were causally related to achieve
ment and which were not.
Using other study designs might illuminate different aspects
of achievement-attitude relationship.

Differing time lags, or a

design with multiple time lags, might expose a pattern of relation
ships that the present study with a single five month lag cannot.
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The inclusion of other variables in the study might also yield a
different picture.

Including student sex,

socio-economic status,

and various measures of aptitudes might uncover sub-groups for whom
achievement and attitude have a particular relationship different
f rom other groups.

Measures of school conditions and specific

variations in the amount and kind of mathematics instruction might
also uncover interactions with the causal relationship between the
traits of achievement and attitude.

Summary

Even though there are limitations to the present study the data
from the SEED evaluation can still provide a good opportunity to
examine for causation between achievement and attitude.

A cr o s s 

lagged correlational analysis was described as the procedure for
testing causality.

This analysis was replicated at grades 3, 4,

5, and 6 with students from 13 Michigan schools.

These students

were part of a control group in an evaluation of a compensatory
mathematics program.
The Comprehensive Test of Basic Skills Arithmetic Test
was used to measure achievement.

(1975) was used to m e asure attitude.
instruments in December,

(1969)

The Survey of School Attitudes
Data were collected on these

1974, and again in May,

1975.

Descriptive statistics were computed for these measures.

The

linearity of the achievement-attitude relationship was also
examined.

A statistic for testing differences between dependent
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c orrelations was presented along with the procedure for using it to
test for causality b e tween achievement and attitude.
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CHAPTER V
RESULTS

T his study tested for the possible causal relationship between
m a t h e m a t i c s achievement and attitude; one trait may be a predominant
cause of the other or there may be no causal relationship between
them.

A cross-lagged correlational analysis was performed using

the three subscales and the total scores of the CTBS Arithmetic
T est and the M athematics scale of the SSA.

Four separate panels

of students in the third through sixth grades were tested and then
r etested after a five month period;

these panels serve as separate

replications within the study.
The results of this study are presented in this chapter.
Findings for each grade level are given separately.
a t t ri t i o n of subjects is discussed.
statistics for the data are given.
standard deviation,
used.

Third,

are presented.

Second,

First,

the descriptive

These include the mean,

and the skewness of the data for each instrument

the analyses for the cross-lagged panel correlations
These analyses include testing the linearity of the

relationships between mathematics achievement and student attitude
measures,

testing the stationarity of the measures,

and testing

the significance of the differences between cross-lagged c o r r e l a 
tions.

Finally, a summary of these results is presented.

80
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Attrition

A s is common w i t h m an y longitudinal studies, attrition of
s ubjects was prominent phenomenon observed in this study.

If a

student missed a pre or post administration of an achievement or
attitude measure then that student's data could not be used in the
analysis of the cross-lagged panel correlations.

The highest

a ttrition of students was observed in the third grade where 44.9
percent of the students had one or more missing measures.

The

lowest attrition was observed in the sixth grades where 32.9 percent
has missing observations.

Table 6 gives the number of students in

e ach grade, and the number for whom complete data were obtained,
as well as the percent attrition at each grade level.

Table 6
Attrition of Students

Grade

T otal No.

No. with all data

% Attrition

3

149

83

44.3

4

188

107

43.1

5

181

118

34.8

167

112

32.9

6

It is difficult to estimate to what degree,

if any,

the

a t t rition biased the study findings since data on student sex,
school marks,

socio-economic status, or other student information was

unavailable for this study.

A n y judgment about bias without this
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more complete information must be very tentative.

However,

there

are some reasons for assuming that the study was not seriously
biased by the attrition.

First, as will be discussed more fully

at a later time in this chapter,

the data for students in the

study do not a ppear to be markedly different from the partial data
available on students who missed part of the testing.
information does not prove a lack of bias,

While this

the similarity of

distributions does not support a contention of a serious bias in
the study.

Of course, other characteristics of the data not

examined for the total group,

such as the correlation between

variables, might indicate a bias that possibly would not show up
on an e xamination of uninvariate statistics.

Second, absenteeism

m a y well be the primary cause for incomplete data on students, and
the pattern of abse n t e eism as observed in this study might be
related to factors that would not strongly bias the study.

Part

of the testing occurred in winter during a period of severe winter
storms.
storms.)
absences.

(Some schools were forced to delay testing because of the
Bad w e ather and illness may account for many of the
The pattern of higher attrition at lower grade levels

lends some support to this speculation that winter and illness,
rather than factors related to achievement or attitude, might
account for many absences.

Younger children would be more subject

to such factors than older children;

parents might be more willing

to keep younger children home for these reasons than older children.
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Descriptive Statistics

CTBS

T a bles 7 through 10 present the student performance on the
s ubscales and the Total scores for the CTBS.

Because only those

s tudents w ith complete data sets on the CTBS and the SSA are used
in the analysis for the cross-lagged panel correlations,
are presented separately in these tables.

students are also included in the Total Group statistics.
be seen by inspecting these tables,

their data

The data for these
As can

the students with complete data

sets appear to be quite similar to the total group taking a particu
lar subtest.
Since the correlational relationship between CTBS scores and
SSA scores are the primary feature of the causal analysis in this
study, it is important to determine if the correlations between
these variables were artifactually attenuated due to the restricted
range of the CTBS scores.
skewness of the data.

One measure of this restriction is the

If a significant positive skew

or negative skew (ceiling effect) were observed,

(floor effect)

then it would be

likely that the limited range of the test had restricted the
v a r i ability of the data.

This restriction would then affect the

observed correlations between CTBS and SSA data.
For the group of students with complete data sets on the CTBS
and SSA, eight of the thirty-two measures were significantly more
skewed

(jj <

.01) than a normal distribution

(Pearson,

1954).

Significant floor effects were found for third grade pretests on the
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Table 7
CTBS Arithmetic Computation Data for All Students Tested
and for Students with Complete Data Sets

Groups

Testing
Period

N

Mean

S.D.

Coefficient
of Skewness

3rd Grade3

Total

Pre
Post

125
123

25.4
35.3

9.8
13.7

1.12
-0.05

Complete
Data Sets

Pre
Post

83
83

25.6
36.4

9.7
13.6

1.21
0.05

4th Grade3

Total

Pre
Post

159
168

41.4
48.9

12.6
10.8

-0.50
-1.09

C omplete
Data Sets

Pre
Post

107
107

42.8
49.4

11.1
9.5

-0.44
-0.87

5th Gradeb

Total

Pre
Post

155
148

26.9
30.8

10.8
11.7

0.50
0.07

Complete
Data Sets

Pre
Post

118
118

27.4
31.9

11.0
11.4

0.36
0.03

6th G radeb

Total

Pre
Post

153
155

31.0
34.6

8.5
7.9

-0.49
-0.71

Complete
Data Sets

Pre
Post

112
112

31.0
35.1

8.9
8.0

-0.44
-0.89

aThe CTBS Arithmetic Test Level
and 4.

1 For m R was used in grades 3

'’Level 2 Form R was used in grades 5 and 6.
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CTBS Arithmetic Concepts Data for All Students Tested
and for Students with Complete Data Sets

Groups

T esting
Period

N

Mea n

S.D.

Coefficient
of Skewness

3rd Grade3

Total

Pre
Post

125
119

10.0
13.6

4.9
5.7

0.81
0.44

Complete
Data Sets

Pre
Post

83
83

10.5
14.1

5.0
5.6

0.74
0.36

4 th Grade3

Total

Pre
Post

154
165

16.1
19.2

6.4
6.2

0.23
-0.22

Complete
Data Sets

Pre
Post

107
107

16.9
19.7

6.2
5.9

0.19
-0.09

5 th G r a d e b

T otal

Pre
Post

151
152

15.0
16.4

6.5
6.8

0.24
0.03

Complete
Data Sets

Pre
Po8t

118
118

15.2
16.9

6.2
6.7

0.38
-0.07

6th G radeb

Total

Pre
Post

148
151

15.1
17.2

6.3
6.3

0.10
0.09

Complete
Data Sets

Pre
Post

112
112

15.5
17.7

6.2
6.6

0.11
-0.01

aThe CTBS Arithmetic Test Level 1 Form R was used in grades 3
and 4.
bLevel 2 Form R was used in grades 5 and 6.
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Table 9
CTBS Arithmetic Application Data for All Students Tested
and for Students with Complete Data Sets

Groups

Testing
Period

N

Mean

S.D.

Coefficient
of Skewness

3rd Grade3

Total

Pre
Post

124
118

7.3
8.2

3.3
4.2

0.46
0.69

Complete
Data Sets

Pre
Post

83
83

7.7
8.1

3.3
4.2

0.47
0.66

4th Grade3

Total

Pre
Post

148
164

9.1
12.6

5.1
4.6

0.51
-0.11

Complete
Data Sets

Pre
Post

107
107

9.3
12.8

5.2
4.6

0.49
-0.03

5th G radeb

Total

Pre
Post

151
152

8.0
9.2

4.3
4.9

0.60
0.43

Complete
Data Sets

Pre
Post

118
118

8.2
9.4

4.4
4.8

0.62
0.41

6th G r a d e b

Total

Pre
Post

139
147

8.0
9.1

3.9
4.5

0.60
0.14

Complete
Data Sets

Pre
Post

112
112

8.0
9.1

4.0
4.4

0.67
0.20

aThe CTBS Arithmetic Test Level 1 For m R was used in grades 3
and 4.
b Level 2 F orm R was used in grades 5 and 6.
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Table 10
CTBS Arithmetic Total Data for All Students Tested
and for Students with Complete Data Sets

Groups

Testing
Period

N

Mea n

S.D.

Coefficient
of Skewness

3rd Grade3

Total

Pre
Post

124
116

42.4
57.6

15.3
20.8

1.28
0.41

Complete
Data Sets

Pre
Post

83
83

43.9
58.6

15.4
20.9

1.32
0.37

4th Grade3

Total

Pre
Post

147
161

66.1
81.0

21.3
19.5

-0.06
-0.57

Complete
Data Sets

Pre
Post

107
107

68.9
81.9

20.2
18.0

0.03
-0.30

5th Grade*1

T otal

Pre
Post

149
144

49.8
56.7

19.0
21.3

0.41
0.14

Complete
Data Sets

Pre
Post

118
118

50.8
58.2

18.9
20.6

0.32
0.05

6th Grade*5

Total

Pre
Post

139
147

54.4
61.0

16.7
16.4

-0.02
-0.16

Complete
Data Sets

Pre
Post

112
112

54.6
62.0

16.7
16.6

0.05
-0.22

aThe CTBS Arithmetic Test Level 1 Form R was used in grades 3
and 4.
Level 2 F orm R was used in grades 5 and 6.
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Computation, Concepts and Total scores, as well as for the posttest
A p p lication score.

In the fifth and sixth grades significant floor

effects were found for the Application scores.

Significant ceiling

effects were found for the posttest Computation scores in the fourth
and sixth grades,

that is,

in 8 out of the 32 scores tested.

Given the wide range of ability these tests were used to
measure and the low number of scores that were significantly skewed
in the fourth,

fifth, and sixth grades, there did not seem to be a

p roblem with restricted ranges of the data in these grades.

In

the third grade it appears that the pretest scores were s i gnifi
cantly restricted in their ranges due to floor effects.

In this

grade correlations betw e en CTBS and SSA scores may have been
attenuated due to this restriction of ranges in the CTBS scores.

SSA

In the third, fourth,

and sixth grades on the SSA there was a

significant and very large ceiling effect evident in these measures.
The fifth grade also shows a ceiling effect, but it was of a
somewhat smaller magnitude than the other grades with the posttest
measure in this grade being not significantly different in skew
f rom a normal distribution.

The fact of this ceiling effect

becomes clearer w h e n it is realized that for all grades the modal
score observed was the m ax i m u m possible score of 30.

This perva

sive ceiling effect on the attitude measures is particularly
important in this study because of attenuation of correlations
b etween the attitude and the achievement measures.

If the range
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Table 11
SSA Math Attitude Data for All Students Tested
and for Students with Complete Data Sets

Groups

Tes t i n g
Period

N

M ean

S.D.

Coefficient
of Skewness

3rd Grade3

Total

Pre
Post

113
120

25.7
24.3

4.2
5.0

-1.19
-0.85

C omplete
Data Sets

Pre
Post

83
83

25.5
24.8

4.6
4.6

-1.09
-0.69

4th G rade3

Total

Pre
Post

152
160

24.0
23.9

5.7
5.1

-0.93
-0.76

Complete
Data Sets

Pre
Post

107
107

24.0
23.8

5.8
5.6

-0.92
-0.78

5 th Gradeb

Total

Pre
Post

154
154

19.3
20.5

7.3
7.1

-0.44
-0.57

C omplete
Data Sets

Pre
Post

118
118

20.2
20.7

7.2
6.8

-0.61
-0.46

6th Gradeb

T otal

Pre
Post

146
149

20.7
21.9

6.1
7.1

-0.62
-0.82

Complete
Data Sets

Pre
Post

112
112

21.1
21.6

6.2
7.2

-0.83
-0.87

aThe Primary Level F o r m B was used to pretest in grades 3 and 4;
F o r m A was used to posttest in grades 3 and 4.
bThe Intermediate Level Form B was used to pre- and posttest in
grades 5 and 6.
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of this attitude instrument had had a higher limit it is possible
that the correlations between the attitude and achievement measures
would not be a r t i ficially attenuated as they most probably were.
F r o m i n specting T able 11 it can be seen that the students with
complete data sets on all attitude and achievement measures seem
ve r y similar to the total group on the attitude measure.

Analysis of the Cross-Lagged Panel Correlations

The analysis of the arithmetic achievement and mat h attitude
data for causal predominance was based on two assumptions that will
be tested here.

The first was that the data being correlated,

some transformation of them, are linearly related.
st at ionarity of the variables under study.

or

The second is

Whe n these assumptions

can be supported by the data then the difference between the
cross-lagged panel correlations can be tested for causal predominance.

Li n e a r i t y

T he F test for linearity of the regression of attitude on
achievement

(Netter and Wasserman,

1975) involves dividing the

m e a n square for regression error by the mean square for pure error.
T he m e a n square for r e g ression error involves the total error for
a regression equa t i o n assuming a linear relationship between
variables.

The m e a n square for pure error involves the total

er ror wit h i n those attitude levels for which there are repeated
observations on achievement.

If the relationship is linear,

these two m e a n squares should be approximately equal;

then

if the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

91

relationship is significantly non-linear,

then the m e a n square for

regression will be significantly larger than the mean square for
pure error because the non-linearity will be incorporated into it
as error.
At each grade level first order regression equations were
computed with pre- or posttest attitude as the independent variable
and pre- or posttest Computation, Concepts, Application,
Arithmetic score as the dependent variable.

or Total

A total of 16 r egres

sion equations were computed at each grade level; F tests for
linearity were computed on each regression equation.
Of course the multiple F tests increased the probability of
concluding by chance that one or more of the relationships were
non-linear.
with £ <

To help control for this the test statistic was set

.01.

As it turned out this stringent probability level

was not necessary since none of the Fs even reached an .05 level
of significance

(See A p pendix 2 for greater detail about these

t e s t s ) ; thus m a king moot the potential problem of performing
multiple tests.

A n examination of bivariate scatter plots for

each regression did not disconfirm the conclusion that linear
regressions adequately related the pairs of variables

(Because of

the space restrictions and the generally undistinguished nature of
the plots they are not presented in this s t u d y ) .
This finding of no significant departure from linearity is,
however,

not as m eaningful when the significance of the correlations

between attitude and achievement are considered.
lations

None of these co r r e 

(see Table 12) could be considered as more than weak correlations
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and most

(48 of 64, with £. < .01) were non-significantly different

from zero.

In other words, when there is no significant relationship

between two variables, a linear regression line will fit the
r elationship as well

(or as poorly) as a given curvilinear line.

T able 12 gives the correlations for the different combinations of
attitude and achievement measures at each grade level.
In examining the sixteen correlations that were significantly
different from zero,

ten of these correlations are in the sixth

grade data and are positive correlations.

Six of these correlations

are in the fourth grade data and are negative correlations.

None

of the synchronous or cross-lagged correlations in the third or
fifth grade data were significantly different from zero.

Stationaritv

One necessary a s s umption for meaningfully interpreting the
results of a cross-lagged panel correlation analysis is stationarity
of the measures involved.

As part of the assumption of stationarity

it is necessary that the synchronous correlations be equal.

If

these correlations are in fact equal then the assumption of s t a ti on
a rity is supported.

One test for comparing the synchronous

correlations was discussed earlier in Chapter IV of this paper:
the Pearson-Filon tr .

This t,r has N-3 degrees of freedom.

The test statistic t^. was computed for each of the four pairs
of synchronous correlations at each of the grade levels.

None of

the test statistics obtained in examining the equality of the
synchronous correlations were statistically significant
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Table 12
Synchronous and Cross-lagged Correlations with Attitude
and Tests of Stationarity and Causality

Achievement
Test Scores

Synchronous
ri

r2

Cross-lagged
r5

3rd Grade

Computation
Concepts
A pplication
Total

091a
-115
015
023

077
-044
020
043

114
-035
029
023

4th Grade

Computation
Concepts
Application
Total

-219
-273*
-319*
-286*

-032
-169
-112
-101

-192
-269*
-298*
-267*

5th Grade

Computation
Concepts
Application
T otal

106
-012
009
060

176
186
072
175

066
016
-046
031

6th Grade

Computation
Concepts
A pplication
Total

338*
189
235
385*

290*
241
263*
250

344*
317*
266*
318*

r6

(N = 83)

161
-093
090
090

Stationarity
^r

*r

(df = 80)b

.109
-.575
-.039
-.167

(N = 107)

(df = 104)

009
■-150
■-222
•-098

-1.645
-.956
-1.852
-1.697

(N = 107)

(df = 115)

085
113
113
115

-.755
-2.142
-.645
-1.295

(N = 112)

(df = 109)

277*
153
183
323*

Causality

.651
-.588
-.352
1.678

-.378
.460
-.456
-.561

-1.764
-1.089
-.677
-1.535

-.197
-1.025
-1.746
-.935

.918
1.921
1.009
-.063

Note.
To understand the meaning of the synchronous and cross-lagged
correlations see Figure 5 in Chapter IV.
The autocorrelations are
reported in Table 5 in Chapter IV.
aDecimal points have been omitted from correlations in the table.
^Degrees of freedom for Stationarity and Causality tr s.
*2.

< .01 that r is equal to zero.
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(p<

.01).

These findings do not reject the assumption of station

arity for these measures.

Table 12 lists the tr computed for

stationarity.
Although none of the t.r s obtained were statistically signifi
cant,

13 of the 16 t rs were negative.

This m ay indicate a trend

toward later synchronous correlations being greater than earlier
ones.

If such a trend exists it m a y be the product of the increased

maturation of the students;

older students tend to have higher

correlations between attitudes and achievement than do younger
students.

Causal predominance

The Pearson-Filon t_r was also used for comparing the equality
of the cross-lagged correlations to test for causal predominance
between achievement and attitude.

Four t_rs were computed at each

grade level, one for each of the three subscales of the CTBS and
one for the total CTBS score.

As can be seen in Table 12 under

the column labelled causality, none of the t:rs were statistically
significant

(p < .01).

The two hypotheses of no causal relationship

versus equal but w eak causal relationships between achievement and
attitude are confounded in this finding.

However,

correlations that are sometimes positive,

sometimes negative, and

the weak

only occasionally s ignificantly greater than zero, tend to lend
more support to the no causal relationship hypothesis than to equal
causal relationships.

Although the simple correlation cannot prove

the existence of a causal relationship, by the argument of temporal
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predominance in causation, the lack of a significant correlation may
ordinarily be taken to indicate the absence of a causal relationship.
One serious limitation to this conclusion should be noted in
this study.

As was mentioned previously,

there are strong ceiling

effects in the attitude data and some ceiling and floor effects in
various achievement data.

These effects most probably have

attenuated any correlations that might exist between these traits.
T he restricted ranges of these data may have masked a causal relation
ship that m a y exist between attitude and achievement.

Summary

There was a large a ttrition rate for students in this study;
between 33.9% and 4 4 .3% of the students had some missing data.

It

is unclear to what degree the attrition may have biased the study
findings.

However,

inspection of the descriptive statistics for

students with complete data sets as compared with all students
tested indicates a similarity of scores for both groups.
the data for the CTBS indicated ceiling and floor effects.

Some of
A

strong ceiling effect was observed in the SSA data for all grade
levels except 5.

At

the 5th grade there was a moderate ceiling

effect on the SSA.
In the analysis of the cross-lagged panel correlations only
16 of the 64 correlations between attitude and achievement were
s ignificantly different from zero

(jj < .01).

For these correlations

no significant departure from linearity was found.
of the measures was not rejected.

The stationarity

However, no significant

(p. < .01)
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causal predominance was found between the cross-lagged panel
correlations.

This has been tentatively interpreted to indicate

that no causal r e l a tionship exists between attitude and achievement
as measured in this study.

But,

the ceiling effect on the SSA and

perhaps the floor and c e iling effects on the CTBS may have masked
any causal r e l ationship b e tween these traits.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER VI
CONCLUSIONS

A s u mmary of the study is given to provide a context for the
conclusions that are next presented.
three areas:

Conclusions are presented in

m ethodological issues, research hypotheses, and policy

considerations.

Summary of Study

T here are alternate theories about the relationship between
mathematics achievement and attitude.

Based on the consistent

findings of weak, positive correlations between achievement and
attitude,

some researchers have concluded that a causal relationship

exists b e tween achievement and attitude.

One theory proposes that

achievement is a stronger cause of attitude; another theory proposes
that attitude is a stronger cause of achievement.

However, most

theorists a l low for some reciprocal causal relationship between
attitude and achievement whether achievement or attitude is viewed
as the stronger cause.

A third theory contends that the cor r e l a 

tional r e l ationship between achievement and attitude is an artifact
resulting f rom both traits being caused by third factors,
self-control or study habits

(Karas,

1964).

such as

The studies done to

date do not strongly support one hypothesis over another.
One reason w h y e x isting studies do not confirm or disconfirm
the causal hypothesis is that they are correlational studies and
lack the basis for testing causal relationships.

Correlations

97
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between traits measured at the same time can suggest the possibility
of causal relationships but they cannot rule out third factors as
possible causes of both traits.

By the same token,

they cannot

establish w hich of two traits in a causal relationship is the cause
of the other.
One reason for this reliance on simple correlational studies
has been the lack of adequate techniques for examining causal
relationships in natural

settings.

Experimental techniques, which

have traditionally been relied upon for examining causation,

are

not well suited to examining the relationship betweem mathematics
achievement and attitude.

Experimental methods,

in addition to

having several practical and ethical limitations for studying this
relationship,

tend to produce internally valid results at the

expense of external validity®

The reactiveness of experimental

procedures makes the m less suited to studying the naturally
occurring relationship between achievement and attitude.
Other techniques that are not dependent on the manipulation of
subjects may be better suited to examining causal relationships in
natural settings.

One such technique,

the cross-lagged panel

correlation technique, was used in this study.

This technique

examines the pattern of correlations between two traits over time
to find evidence for the causal predominance of one trait over the
other.

The cross-lagged panel correlation technique is an improve

ment over simple correlational studies in testing for causation.
A nd it is m u c h less reactive than traditional experimental proce
dures and therefore potentially more externally valid.
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In this study four panels of students, one for each of the
grades three,

four,

five, and six, were tested on their mathematics

achievement and attitude at a five month interval.
170 students were tested in each panel.

Approximately

These students were enrolled

in urban schools serving predominantly minority group students.
These students were o riginally studied as the control group for an
evaluation of the SEED mathematics program.

Data from this e v a l u a 

tion were then used to conduct this study.
The instrument used to measure mathematics achievement was the
C omprehensive Test of Basic Skills Arithmetic Test
test has three sub-scales:

(CTBS).

This

Arithmetic Computation, Arithmetic

Concepts, and Arith m e t i c Application.

The Survey of School

Attitudes, Mathematics sub-scale was used to measure mathematic
attitude.

Both measures are objectively scored, paper and pencil,

tests.
In this panel study a relatively large number of students
(between 33.9% and 44.3%) were lost due to having one or more missing
m easures on the CTBS or SSA.

Unfortunately,

the lack of student data

on sex, socio-economic status, and other traits prevents an analysis
to test for differential attrition that might bias the study.
However,

inspection of data for students with complete data sets

as compared to the total group of students with at least some data
on these measures indicated that these two groups were quite
similar.

Strong ceiling effects were observed for the SSA and

this m a y have attenuated correlations with this variable.
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In the analysis of the

correlations between

attitude, only 16 of the 64

correlations between

attitude were significantly different from zero (£

achievement and
achievement and
< .01).

Ten of

these significant correlations were positive and expected,

but six

were negative.

However, when these correlations were examined for

causal predominance b e tween achievement and attitude, no significant
causal associations were found.

It is not clear that these results

support the hypotheses of no causal relationship between achievement
and attitude because of a ceiling effect
an effect m a y m a s k a causal

in the SSA measure. Such

relationship between

these two traits.

Methodological Issues

Instrumentation

The presence of a strong ceiling effect in the Survey of
School Attitudes m e asure may have invalidated the test for causal
predominance in this study.
instrument

(Hogan, 1975)

A n inspection of the manual for this

indicates that this ceiling effect was

also present in the v alidation studies, although it was not as
strong an effect.
It is w orthwhile to note that the ceiling effect cannot be
attributed to treatment effects of SEED since only control students
were included in the study.

However, it is possible that the

classes did react to the knowledge of being the control group
and Campbell,

1976),

(Cook

Teachers knew they were in a control group

and they m a y have communicated this to their students either
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d e liberately or inadvertently and the classes m a y then have e x p e r i 
enced changes in their expressed attitudes because of a feeling of
c ompetition w ith the treatment classes.
In future studies of causality,

it would be appropriate to

select measures that do not display ceiling or floor effects for
the students under study.

Dutton (1968) and Dutton and B l u m (1968)

reported on the development of two attitude scales that did not
produce ceiling effects.

One of these scales was a Thurstone-like

scale which has b een used with college students,
students, and e l e mentary students

(Fedon,

junior high

1958).

The other scale

was a Likert-like scale that had been used with junior high and
e lementary grade students.

In addition to avoiding problems with

r estricted range of scores, it is also necessary to have instruments
that produce reliable measures.

Because of the time periods

involved in a cross-lagged correlational analysis,

test-retest

reliability is the type of reliability of most concern.

Cross-lagged technique

The cross-lagged panel correlation technique is a potentially
useful procedure for investigating causal relationships as they
actually occur in a given setting.

However,

the procedure has

several limitations that make it a difficult technique to use.
previously mentioned,

the assumptions of the technique,

As

particularly

stationarity, cannot often be met in many investigations involving
qualitative change in the traits under study.

Longitudinal studies
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of rapidly d eveloping traits, or covering long periods of time are
not likely to meet the a ssumption of stationarity.

Also,

attrition

is a serious problem to contend with in any longitudinal study,

as

demonstrated in the large attrition in this study involving only
four measures during a five month interval.
Another diffic u l t y of cross-lagged analysis is the interpretation
of the outcomes of the analysis.

As discussed earlier,

being tested are really confounded pairs of hypotheses.

the hypotheses
Although

some efforts have been made to overcome the confounding of hypotheses
through base line estimates,
unsuccessful to date.

these efforts have been largely

The analysis must be supplemented with

external data to resolve this indeterminancy of conclusions.

At

present this external information is incorporated into the study
informally through the judgment of the researcher.

The validity of

applying such external data to the elimination of confounded
hypotheses is largely untested and subjective.

Further work on the

cross-lagged procedure should include methods for more formally and
objectively a ssessing external data to supplement the a n a i j d s .

Se condary analysis

This study is a secondary analysis of an evaluation study.
The benefits of secondary analysis are several and substantial.
For a relatively small amount of additional effort and mo n e y it is
possible to investigate topics that were not addressed in the original
study.

Three conclusions can be drawn from this study about secondary

analysis.

First, multiple data sets should be analyzed in secondary
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analysis to provide a triangulation on research hypotheses.

A ny one

data set m ay be misleading because of idiosynchratic features.
Multiple studies subjected to secondary analysis on a topic are
more likely to reduce errors due to "local" effects.
Also,

secondary analysis of previously collected data may be

incorporated into an ongoing program of research and may well fill
a gap between literature reports and primary studies.
an ongoing research program,

As part of

secondary analysis m a y provide

approximations of desired studies to indicate likely directions
for future research and refinements on procedures to carry out that
research.
Third,

the utility of secondary analysis is dependent on the

availability of data sets that are adequately documented and stored.
A s Glass

(1976) noted it is sometimes the case that even nationally

prominent studies,

such as the Coleman study, are not available for

secondary analysis because the proper care was not taken to d o c u 
ment and store the data.

For this reason, researchers and sponsors

of research should be archiving data in a form to allow such
analysis.

Policies for the control of access to such data should

be promulgated to increase the benefits of such a system for storing
data.

R esearch Hypotheses

Correlations between achievement and attitude

In this study o n l y 16 of the 64 correlations computed between
achievement and attitude were statistically significant.

However,
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only ten of these correlations were positive;
cant correlations were negative.

the other six signifi

The positive correlations all

o ccurred in the sixth grade data and the negative correlations all
o ccurred in the fourth grade data.

Since different versions of the

CTBS and SSA instruments were used in the fourth grade than in the
sixth grade, the difference in sign may be attributed to subtle
differences in the traits actually measured by the different instru
ments.

This does not account for the non-significant correlations

in the third and fifth grades.

No adequate explanation can be

given as to why significant correlations were obtained in the fourth
and sixth grades but not in the third and fifth grades.
A further consideration of the signs of both significant and
non-significant correlations indicates that the negative c o rrela
tions between the CTBS and SSA scores was a phenomenon almost
exclusively confined to the fourth grade data.

Since the n o n 

s ignificant correlations or significant positive scores found in
the other three grades can be reconciled with the low positive or
n on-significant correlations for achievement and attitude as
d iscussed in the literature review earlier, it is apparent that
only the fourth grade data is at variance with previous studies.
T hat the fourth grade would be this way m a y have been a product of
chance.

Alternately,

some anomoly in the fourth grade data might

have produced these negative correlations.
However,

it is one thing to suggest some unknown factor that

m a y account for the negative correlations,

but it is quite another

in the absence of additional information to imagine what that
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factor could be.

Some possible factors can reasonably be ruled out.

Factors associated with a geographic region or a local administra
tive unit can be ruled out since the fourth grade classes came from
seven different e l e mentary schools in five different districts.
F r o m the limited information about the students involved in the
study, it does not appear that fourth graders were sampled from a
different population than the other classes.
appeared comparable on minority enrollment,
schools as the other classes.

The fourth grades
location, and type of

Nor does it seem likely that errors

introduced through improper test administration,

scoring, or data

analysis would produce the negative correlations.

The fourth grade

instructions to teachers and data handling were the same as the
other grades.
The lower test-retest correlations for the fourth grade SSA
tests

(see Table 5) could indicate that, at this grade,

of mathematics attitude was not measured reliably.
reliability might have contributed

the trait

Such low

to greater instability in the

measures and therefore spurious negative correlations.
One other possible,

though admittedly tenuous,

factor that

might have caused the negative correlation could be a program of
differential instruction in mathematics based on student achievement
or attitude.

If a program peculiar to the fourth grades existed

where students were assigned to differing mathematics instruction,
then it is conceivable that the negative correlation between
achievement and attitude could be a function of this program.

If

high achieving students were assigned to an overly difficult or
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unrewarded course of m a t hematics instruction then they may increase
in their mathematics skills but have a somewhat less positive
attitude toward it.

If at the same time the lower achieving

students were assigned to an unchallenging but psychologically
rewarding course of i n s truction then their mathematics attitude may
increase without a s i m ilar change in achievement.

The combination

of these two courses of instruction could produce negative c o rrela
tions for the entire class between achievement and attitude.

Other

combinations of diff e r e n tial instruction could also produce such
negative correlations.

However,

instruction is only speculative.

the proposal of differential
In the absence of information

about h ow the fourth grade classes and students differed from the
other classes and students one cannot resolve with confidence the
perplexing finding of negative correlations in this grade.

Causal relationship bet w een achievement and attitude

The test for causal predominance between mathematics a c hieve
ment and attitude in this study indicated no significant causal
relationship.

This finding was tempered by the presence of a strong

ceiling effect in the SSA instrument which may have masked any
effect.

This finding is somewhat at variance with the results of

Calsyn's

(1974) analysis of achievement and academic self-concept.

A cross-lagged panel analysis was used in this study and a signifi
cant causal predominance of achievement over self-concept was
observed.

Since C a l a y n used class marks as a measure of achievement

it is more likely that the marks would have a more direct effect
on attitudes than would performance on an achievement test without
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a n y feedback to students or teachers.

Also, Calsyn used a measure

of attitude that involved many items about perceived success and
expected success in academic tasks.

Such an instrument might be

more susceptible to change based on class marks than would a measure
of attitude involving liking of activities involved in academic
tasks.

One reason, therefore,

for the difference between the p r e 

sent study and Calsyn's is the operationalization of the trait of
m athematics attitude.
merit.

Both of these operationalizations have

Future studies might seek for many different measures of

attitude that cover several different possible aspects of m a t h e m a 
tics attitude.

Also, measures of achievement should be more

closely associated with the reward-feedback structures of schools,
such as class marks.
In future studies of the causal relationship between attitude
and other academic behavior,

the scope of the studies should be

enlarged to allow for delayed effects of attitude and achievement
on e a c h other.

One such possible effect might be the indirect

effect of attitude on achievement through student selection of
academic experiences w hen choice is allowed.

As long as a student

is enrolled in a class, the reward and management structures of
the school are designed to maximize performance regardless of
student attitude.

Class marks, recognition, and even advancement,

all p o t entially important rewards, are made contingent on p erfor
mance in the school.

Also,

the classroom environment is made to

mi nimize distractions or competing activities that would allow less
enthusiastic students to avoid the task.

Clearly, the classroom
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does not provide an environment which encourages students to do
less well than they are able--to "express" their attitudes through
reduced performance.

However, when students can choose electives,

such as in later school years,
environment,

or when they leave the school

they have a much greater freedom to choose according

to their attitudes.

In these environments of greater freedom a

person may very wel l choose to achieve more only in academic
subjects that are liked or perceived as being valuable.

Indeed,

much of the literature focusing on sex differences in later
academic performance in mathematics has proposed this self-selec
tion because of attitudes as a major m echanism to explain
differences between m en and women in academic achievement
1970a,

1974,

1976; Alpert,

Steelwagon, and Becker,

(Aiken,

1963; Keeves,

1973).

Policy Considerations

Mathematics achievement and attitude have both been identified
as important areas for student growth in the school curriculum.
the light of previous studies, and of the current study,

In

it appears

that given the present system of instruction no powerful causal
relationship exists between achievement and attitude in mathematics.
It is quite possible that a program could yield high achievement in
mathematics and also cause no improvement or deterioration in
attitudes toward mathematics.

Similarly,

a program to change

attitudes m a y not also result in changes in achievement.

For this

reason specific features should be included in mathematics curriculum
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to both improve achievement and attitude.

In the development of

mathematics curricula it will be important to explicitly attend to
both areas of c u r riculum performance as the materials are developed.
Care should be taken to note that the above conclusion is
probably m ost applicable only to the instructional programs studied.
A different course of instruction than the ones studied may
exhibit a strong causal relationship between achievement and
attitude.

This study was concerned with what actually happened in

the schools and not with what possibly might happen given different
circumstances.
Also,

the objective of promoting positive student attitudes

towards m athematics already seems to be achieved in many school
settings in the early to middle elementary grades.
others

(Aiken,

1970a; Feierabend,

This study and

1960) consistently report

positive attitudes at these grades.

However,

if it is still felt

by some that student attitude in these grades is a problem then
care should be taken to insure that instruments are created that
would v a lidly measure these low attitudes.

At present,

wide variety of instruments and procedures,

attitude appears to be

across a

c onsistently high in these grades.
On the other hand,

student attitude toward mathematics does

d ecrease during junior high and high school years.

There m a y be

experiences in the elementary grade years that contribute to this
later drop in attitude.

If the cause of this decline in attitude

could be identified as having its origin in the elementary experience,
then perhaps a p r ogram could be implemented that might ameliorate
this situation.
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Appendix 1
D e s c r iption of Districts and Schools in Study

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 13
D escription of Districts and Schools in Study

District
School

Benton Harbor
Bard
Detroit
Davison
Duffield
Myrtle
Sampson

Student Enrollment3
Total
7o M i nority

10,911
591

62.4
99.3

276,655
1,237
582
396

Ilk

69.5
96.0
96.7
77.3
100.0

4,633
379
543

90.4
99.5
99.6

Kalamazoo
Lincoln
West- M a i n

16,041
497
382

21.2
36.2
25.9

Lansing
Holmes

31,404
392

22.5
46.2

6,503
378

16.8
91.5

23,478
622

46.5
99.4

7,477
480

25.9
96.5

Ikster
Douglas
Wo o dson

Romulus
Beverly
Saginaw
Houghton
Ypsilanti
Perry

No. Classes in Study by Grade'5
3rd
4th
5th
6th

1

1
1

1

1

1
1

1

1

1

1

1
2

1

1
1

1

1

2

2

a Student enrollment data taken from U.S. H.E.W.,

1

1

1

1974.

^Number of classes is given for schools only, not for districts.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

125

A ppen d i x 2
A N O V A Tables for L i n earity Test

Taking the first entry in Table 14 as an example,
e ntry reads like this:

the first

Pre Attitude on Pre Computation has a Mean

Square Regression of 86.10 . . ..
Attitude on Pre Concepts.

The second entry is for Pre

The fifth entry is for Pre Attitude on

Post Computation.
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ANOVA Test for Linearity of Achievement Regressed
on Attitude for 3rd Grade

Dependent Variable
in Regression

Mean Squares
Regression Error
Pure Error

Pre A t titude

Computation
Concepts
Application
Total

on Pre

. . . ; df = (15,66)

86.10
20.86
8.91
219.14

Pre A tti t u d e on Post

C omputation
Concepts
Application
Total

.898
.797
.801
1.234

. . . :
; df = (15,66)

31.82
17.58
246.40
418.50

1.038
1.195
.888
1.256

. . . ; df = (15,66)

98.23
27.19
10.62
197.70

66.60
16.95
10.64
137.62

Post At t i t u de on Post

Computation
Concepts
Application
Total

95.86
26.16
11.12
177.50

33.01
21.01
218.75
525.49

Post At t i t u de on Pre

Computation
Concepts
A pplication
Total

F

19.65
9.34
181.04
225.79

...

.678
.623
1.002
.696

. ; df = (15,66)

34.83
20.24
252.70
488.40

.564
.462
.716
.462
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Table 15
ANOVA Test for Linearity of Achievement Regressed
on Attitude for 4th Grade

Dependent Variable
in R egression

Mean Squares
Regression Error
Pure Error

Pre Atti t u d e on Pre

Computation
Concepts
A p p l i cation
Total

Computation
Concepts
Applic a t i o n
Total

133.70
35.20
24.76
96.62

.444
1.130
.910
.568

. . . ;I df = (20,85)

37.69
16.06
295.64
223.49

Post Atti t u de on Pre

Computation
Concepts
Appl i c a t i o n
Total

. . . ; df =: (20,85)

59.30
39.80
22.55
54.84

Pre Attit u d e on Post

F

31.53
19.95
399.70
321.40

1.195
.805
.740
.695

. . . :
; df = (19,86)

109.28
28.36
30.42
76.49

129.10
40.26
24.72
95.39

.846
.704
1.231
.802

Post Atti t u de on Post . . . ; df = (19,86)

Computation
C oncepts
A p p l i cation
Total

33.04
15.19
397.68
249.45

34.52
22.06
412.30
338.80

.957
.688
.964
.736
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ANOVA Test for Linearity of Achievement Regressed
on Attitude for 5th Grade

D ependent Variable
in R egression

Mea n Squares
Regression Error
Pure Error

Pre Attitude on Pre

Computation
Concepts
A p p lication
T otal

. . . ; df => (26,90)

137.60
33.63
18.19
128.20

Pre Attitude on Post

Computation
Concepts
A p p lication
Total

F

116.50
39.89
19.88
130.20

. . . ;
1 df =

(26,90)

46.50
25.12
357.60
444.40

39.71
17.13
364.30
373.70

1.181
.843
.915
.985

.854
.682
1.019
.841

Post Atti t u de on Pre . . . ;; df = (24,92)

Computation
Concepts
A p p lication
Total

163.20
45.42
19.40
157.53

Post Atti t u de on Post

Computation
Concepts
Application
Total

44.69
25.29
472.81
506.59

110.90
36.08
19.23
118.00

. . . ; df =

1.472
1.259
1.009
1.335

(24,92)

43.14
22.62
325.40
392.40

1.036

l.’is
1.453
1.291
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Table 17
ANOVA Test for Linearity of Achievement Regressed
on Attitude for 6th Grade

D ep e n d e n t Variable
i n Regression

Mean Squares
Regression Error
Pure Error

Pre Attitude <on Pre

Computation
Concepts
Appl i c a t i o n
Total

. . . ; df - (24,86)

79.17
32.73
12.96
60.83

Pre Attitude (on Post

C omputation
Concepts
Appl i c a t i o n
Total

64.79
37.66
16.37
57.66

31.31
15.12
234.70
191.60

43.55
18.37
252.70
259.30

50.38
23.20
243.00
319.81

. . . ; df =

.719
.823
.929
.739

(25,85)

72.02
36.51
15.96
56.82

69.43
40.60
15.08
74.49

Post Attitude on Post

Co m p u tation
Concepts
Application
Total

1.222
.869
.792
1.055

. . . ; df = (24,86)

Post Attitude on Pre . . . ; df »

Comput a t i o n
Concepts
Appl i c a t i o n
Total

F

.964
1.112
.945
1.311

(25,85)

38.17
17.11
264.11
234.80

1.320
1.356
.920
1.362
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